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Prares NVI, XVII, axp XVIIIL

THE circumstances under which the experiments re-
corded 1 the present memoir were undertaken, afford a
good example of the stimulus and encouragement to work
rendered possible by that mutual intercourse and exehange
of experience and 1deas which are promoted by meetings
of serentific societies.

In the year 1892 I conducted an extensive sertes of
experiments upon the adjustment of the colours of the
larvie of Amplidasis betularic to those of their environ-
ment (Trans. Ent. Soc. Lond., 1892, pp. 337-369). Living
examples of the chief results obtained were shown at the
mecting of Section D of the British Association at Edin-
burgh, on August 9th (Report of the 1892 Meceting, p.
756, where however the word “pupe” 18 erroncously
printed instead of “larvie”).  After the larvae had been
exhibited, Dr. Stacey Wilson, of Birmingham, asked if 1
had tried the effect of lichen-covered bark. Dr. Wilson
stated that he had once beaten the larva from a food-
plant with twigs covered by hchen, and that its appear-
ance was entirely different from that usually borne by
betularia.  He looked upon it, in fact, as the larva of
soe other specics, and was only convineed by breeding
the moth (Trans. Ent. Soc. Lond.,, 1892, p. 360). The
wdea of making use of an environment of lichen-covered
bark had not occurred to me, and T determined to try
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the experiment on this and other suitable larve on the
first opportunity.

I propose to state the results of these experiments
forthwith, referring to the plates which accompany the
paper. Hence it will be possible to gather the conclusions
by looking at the few first pages, while those who desire
to study the evidence in detail will find it recorded in the
later part of the memoir.

The first larva which appeared suitable for the purpose
was Odontopera bidentata, and Mr. G. T, Porritt very kindly
consented to look out for eggs. Mr. Porritt had himself
suggested to me that the larva would probably prove to
be especially suitable for the parpose of this enquiry, and
he wrote on May 9th, “ the larva varies so very much in a
wild state according to its food, that I fancy it will form an
interesting subject for your experiments.” *  On May 9th,
1893, he kindly sent me from Huddersfield a batch laid by a
single female, and, on June 13th, a second consignment laid
by two females, from Slednere on the Yorkshire Wolds,
The first set afforded the material of Experiments I to IX
(including Va) deseribed in this paper.  The second mixed
set formed the subject of Experiments X to XVIIL
The chief results of both experiments will be gathered by
a glance at Plate XVI1, in which figs. 1 to 5 represent
larvee from the first set of eggs, figs. 6 to 11 larvie from the
second set. At the same time results like those shown in
the former figurcs were produced in larvee of the second set
and like those in the latter figures, in larvie of the first set.

The detailed account of the experiments shows the
number of days which elapsed before the influence of each
environment became visible, and the time which was
necessary in order to produce the full effect. A very large
number of records proves that the larve, in the great
majority of cases, rested by day upon the object which

* Dr. T. A, Chapman wrote to me (June 14, 1903), concerning the
forms and habits of bidentata :—* About forty years ago, I took
three or four beautifully green latticed larvae oft the lichen-covered
trunk of an old alder-tree in Glen Messen (Argyleshire). They
were quite new to me, and though very like (of conrse) bidentata,
T thought they must be something else, a lichen-feeder. When they
produced bidentata, T got no further than wondering whether bidentate
was sometimes a lichen-feeder, T remember well their resting-place
was near the ground, many feet from any leaves,—as long a journey
for feeding as the Javva of Apriline makes.”
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they afterwards came to resemble. This, however, 1s pro-
bably not the case in the earliest stages, when the larvie
doubtless rest on the leaves and stalks.

The extreme sensitiveness of this larva is clearly shown
by a glance at Plate XVL.  The four first figures indicate
a power of adjustment about equal to that of the most
sensitive larva hitherto known, Amphidasis betuwlaria (com-
pare Trans. Ent. Soc. Lond., 1892, Plate XIV). The effect
of green leaves and shoots, shown in fig. 5, is however
very inferior to that produced upon befularic, which
becomes bright green in this environment. The effect of
green leaves alone upon lidentete is the same as that
observed in many other larve, Noctus as well as Geometre,
viz. the reduction of the brown ground-colour to a very
pale tint which would be far.less conspicuous than the
more ordinary appearance. The contrast between the
results of an effective environment of green, and nothing
but green, as shown in fig. 5, and of green scattered over a
brown background of bark, as shown in figs. Gto 11, is very
striking, aud suggests renewed experiments with an artificial
arrangement of combined colours. Another interesting fact,
suggesting the restriction of larval susceptibility to the
imanediate surface upon which the resting periods are
passed, is the entire absence of any effects traceable to the
green leaves of the food-plant when present with the
other forms of environment employed in these experiments.
The complex nature of the result produced is well seen in
the oblique white lateral marks which are found in larve
with the green lichen-like patches (figs. 6, 9), and probably
assist in the general effect by breaking up the larval
surface. The green markings are developed in the vicinity
of and include the projecting ridges, etc.—a fact which
is of obvious significance in promoting the resemblance
to small scattered masses of lichen. The various kinds
of lichen made use of did mnot produce corresponding
effects.* Thus the green dorsal patches shown on the
larvee which had been exposed to orange lichen (figs. 8,
9) did not ditfer in any marked degree from those in
which a green lichen had been chosen. It is by no means

* My friend Professor S. H. Vineg, I'.R.S., has very kindly given
me the probable names of the lichens made use of. They will be
found in the detailed account of the experiments, and in the
description of Plates XVI to XVIII. The names could not he given
with certainty because the specimens themselves had been lost.
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unlikely, however, that under entirely normal conditions
special detailed adjnstments of this kind may be brought
abont. With regard to the sensitiveness to lichen, bidentata
appears to be as superior to befularia, as it is inferior to the
latter larva in sensitiveness to green leaves, so that the
two species may be considered about equal in the power
of cotonr adjustment. It is interesting to observe that
dark purplish-brown twigs with white spots, although
producing lighter larvee than those upon unspotted but
otherwise similar twigs (compare figs. 4 and 3), did not
lead to the appearance of white marks upon the larva
(fig. 4).

Dr. Stacey Wilson’s experience led me to try the same
experiments with an environment of lichen in the case of
A. betwlaria, My friend Mr. Arthur Sidgwick kindly gave
me a small batch of eggs in the summer of 1893, and the
fourteen young larve which hatched from them were sub-
jeeted, together with bidentatu, to this form of environ-
ment, in Experiments XII to XV. Tt will be seen
however that eleven of the resulting larvie were yellowish-
green, two brownish-green, and one grey mottled with
brown.

The same experiments produced the larvee of bideuntata
of which typical examples are represented in Plate XVI,
figs. 6—11. So far as any conclusion can be drawn from
these four small experiments, Letularia does not seem to be
nearly so sensitive or so specialized to this form of environ-
ment as bidentute. At the same time lichen must have
been the cause of the betularia larvae, with one exception,
becoming green ; for ordinary bark tends strongly to
the production of dark forms of this species, even in
the presence of a great preponderance of green leaves
(Trans, Ent. Soc. Lond., 1892, pp. 331, 332). It will be
of interest to repeat these experiments upon a much
larger scale, and to introduce the larve iimmediately after
hatching ; but it does not appear to be probable that this
species often exhibits the kind of susceptibility to lichen
observed by Dr. Wilson ; for (1) it is remarkably sensitive
to other surroundings almost throughout its life-history
(sce pp. 318—320), and (2) the four small experiments,
conducted in 1893, do prove considerable sensitiveness to
lichen although they did not lead to the production of
lichen-like larvee.

The fortunate discovery of a company of young larvie
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of Gustropacha quercifolie: by Mr. W. Holland, on July
22nd, 1893, enabled me to experiment on this interesting
species, which is well known to present grey and lichen-
like forms. The company, cvidently the product of a
single bateh of eggs, was so numerous that I was able to
start four expermments with fifteen larvee in each, on
July 28th. All were fed on hawthorn, the food-plant on
which the larvie had been found. This in three cases was
intermixed with environments more or less harmonizing
with known varieties of the larva—the rongh black-barked
twigs of the Turkish oak, bramble-stems of a rich reddish-
brown colour, and sticks bearing an abundant growth of
lichen (probably Rlamaline farinacee in all cases). In the
fourth case the larvie were as far as possible restricted to
the green leaves and youngest shoots of their food-plant.
It was, however, impossible altogether to exclude shoots
of greyish and reddish-brown shades, and these probably
produced some eftect.

At first the young larvee rested chiefly on the food-
plant, but soou preferred the bark of the older wood. The
change took place simultaneously in each of the three
scts containing dark bark and lichen, as will be seen by
a glance at the following summary of Mr. Holland’s carcful
notes i —

! 3 | 1% 111
Dates. Food- Black Food-  HieBens o0 Reddish-
plant. bark plant. "E l;:;cd plant.  brown bark.

Aug. 1. 12 3 7714?N‘ B 1-_ ' 14 a 1

— e  [— - - S PO —— ———

Aug. 5 4 I 11 3 12 5 7T
F Tt e R P R Y

x 3 on muslin roof. t 1 missing. N

There 1s no reason to suppose that these effects were
due to any gradual recovery from disturbance. The re-
cently hatched larvie were found at the tip of a young
shoot on July 22nd, and it is probable that by August 5th
the period had been reached when they begin to seck the
older wood for the diurnal rest. After August 9th only
single larvee were found except upon the enviromments
which had been provided, and it is probable that, under
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entirely natural conditions, larvie of the same age would
never be found upon the leaves or green shoots.

It is of interest to note that the larvae never rested upon
the lichen itself, but upon the bark of the sticks between
the masses of lichen. This position is consistent with
the larval appearance, which is that of bark partially
grown over with lichen.

There can be little doubt that the larva is influenced by
the colours of the environment from the time at which 1t
first seeks the older wood, but a certain period is required
before the effects become visible. A very obvious adjust-
ment to the three forms of environment was recorded on
August 14th—so obvious indeed that the first trace of a
visible result might probably have been detected some few
days earlier. The adjustment continued to become more
complete right up to the beginning of hybernation. On
Aug. 31st it was noted that the effects of the three environ-
ments had greatly increased. On Sept. 21st a careful
comparison of all the larvie was made upon a white paper
background. It was then thought that the adjustment
was as complete as it was likely to be before hybernation,
and for many larvee this conclusion was justified. In
others however the effects continued to deepen right on
into October, as will be scen in the complete account of
the experiments. The latest changes probably took place
after the larve had ceased to feed; indeed they had eaten
very little for some time previous to October 3rd. The
degree of cryptic adjustment to the three eunvironments
which had been reached by the beginning of hybernation
can be seen by a glance at the upper part of Plate
XVII, where examples of all the types of colouring are
represented.

In arranging the larvee for hybernation many of the
environments were shifted, in order to test the existence
of any larval susceptibility during this period; and, as no
effects were visible when the larvae were compared after
the winter, these same surroundings were continued in
each case, right up to the time when the nearly mature
larvee were sent to Lord Walsingham for preservation, in
May. The results of various comparisons point to the
conclusion that the larve of G quercifolic are not sus-
ceptible to the colours of the environment after the begin-
ning of hybernation. Thus Plate XVILI, fig. 1 represents
a nearly mature larva, of which the appearance before
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hybernation is shown in either fig. 4 or fig. 9 on Plate
XVIL The latter appearance was a response to an en-
vironment of lichen-covered sticks; but after October 16th
these were replaced by black-barked twigs, which it is seen
produced no effect at all. Again, Plate XVIII, fig. 2 repre-
sents a later stage of Plate XVII, fig. 6. Here too the
resemblance between older and younger larvee is very close,
although the former had been subjected to the same black
environment after October 16th. The negative result
of a transfer experiment in the opposite direction is seen
in Plate X'VII, fig. 14, the representation of a larva which
had been exposed to lichen-covered sticks after October
3rd.  All the larvae did not remain as uniform throughout
their life-history as these three. Thus Plate XVIII, fig.
3 represents a nearly maturc larva of which the appear-
ancce before hybernation is seen in Plate XVII, figs. 4
or . In this case the larva darkened considerably after
the winter, although 1ts enviromnent had not been shifted,
but consisted of lichen-covered sticks throughout.

It is probable that the power of adjustment to environ-
ment possessed in so marked a degree by this species is
specially directed to protection during hybernation, when
the food-plants are leafless, and when enemies are often
pressed by hunger. But it is doubtless also of importance
later on when the larva becomes so much larger and would
on this account be far more conspicuous. It is probable,
however, that the caterpillar does not wander from its
food-plant, and that complete adjustment to the old wood
before hybernation is an adequate defence in the following
spring and summer. If this be correct there would be no
advantage in a prolonged larval susceptibility.

The same relationship between susceptibility and the
particular needs of each species is seen in the effect of
an environment of green leaves and shoots upon . quer-
cifolia, O. bidentita, and A. betularie. The first-named
probably invariably rests by day, except for a brief period
after leaving the egg, upon the older wood, and the power
of adjustment to leaves and young shoots, being altogether
useless to it, has never been acquired. The last-named,
with its remarkable range of food-plants, including many,
such as broom or rose, in which green shoots are a
prominent feature, is frequently in a position in which
a green colour would best conceal its nearly smooth and
cylindrical form; and we find that, as a matter of fact,
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it always responds in this way to an environment of the
kind described above.  Bidentute doubtless occupies an
intermediate position between the other two species in
this respect. The occasions are probably rare, but not
altogether wanting, in which it is compelled to develop in
a green cnvironment. We find that it has the power of
making some considerable approach towards such surround-
ings, but not of attaining any high degree of resemblance to
them. It is probably the case, however, that the tint which
it produces on green leaves and shoots is of great value
on a pale yellowish-brown bark, which may often form its
environment; and it may well be that it is something
in common between the light reflected from this and from
green leaves which explains the similarity in the effects
produced upon the larve.

Typical examples of all the forms of quercifolic larvie
produced in these experiments were shown alive at the
meeting of the Entomological Society of London on May
2nd, 1894, and also at the Soirée of the Royal Society in
the same month. A brief account of the exhibit is printed
in the Proc. Ent. Soc. Lond., 1894, p. xvi. It is also referred
to in Mr. C. G. Barrett’s “ Lepidoptera of the British
Islands” (Lond., 1896, vol. 1i1, p. 45).

The nearly mature larvae of gquercifolic, forming the
subject of the experiments described in this memoir, were
in almost every casc sent to Lord Walsingham, and, with
the exception of one which was spoilt, were kindly preserved
by him. The specimens are now to be scen in the Hope
Department, Oxford University Museum, and in the British
Museum of Natural History.

The last series of experiments described in this paper
grew out of the surprising restriction of susceptibility to
the younger stages of (. quercifolia.  The results naturally
suggested further experiments upon other species well
known to be highly sensitive, and I immediately fixed
upon Amplidasis betuleria as the most suitable for the
purpose. The investigation was carried out entirely by
the present writer, in the laboratory at Wykcham House,
Oxford. The results are clearly shown in the accompany-
ing diagram and summary. The Roman figures represent
the corresponding stages of larval life.  The shaded squares
indicate stages passed in a black environment, the unshaded,
stages passed in the green surroundings.
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A glance at the diagram and results proves conclusively
that there is no restriction of susceptibility to the younger

stages of this species.

Experiment B? shows the strong

influence of a black environment applied only to- the two
latest stages, while A! shows considerable effects traceable

to black which was present in the 2nd stage only.
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we furthermore take into- account the more intense effects
which were produced as additional stages were exposed to
a dark environment, we may feel confident that every stage
except the 1st and the 5th or Gth, is sensitive. These
requive further experimental testing.

A very interesting and unlooked-for effect was preduced
in many of the transferred larve, viz. an overspreading
greyness or the appearance of grey patches. Thug, although
the effect of the earlier swrroundings appeared at first
sight to be entirely obliterated, the larva: were nevertheless
unable to develop their full and characteristie response to
the later environment. Details will be found in the account
of the experiments. [t only remains to point out that
experiinent A! probably indicates that these larve are
susceptible to the colours of the branches at a period when
they arc at any rate chiefly to be found upon the leaves
and leaf-stalks, and that there was some evidence to show
that the influence of environment may be largely a question
of time, so that of several larvie passing the same stages in
given surroundings, those which grow most slowly are, on
the whole, the most affected.

Fotgr EXPERIMENTS WITHHT LARVAE OF
O. BIDENTATA (1893).

The larvas from the first set of eggs sent by Mr. Porritt
from Yorkshire hatched at about the same time, so that
nearly all the experiments recorded on pages 322—325 in
a tabular form were started on the same day, May 22nd.
The obscrvations were 1n part condueted by Mr. Holland and
in part by me, as is indicated by the initials or name under
the dates in the left-hand column of the table. Hence in
the account of each experiment there is the opportunity of
comparing two independent sets of observations.

The food-plant made use of inall these experiments was
the black poplar (Populus wigra).

A careful comparison of the results of the 10 sets of
experiments (viz. I to IX, including Va) was made by the
present writer on July 6uh, 1893, all the larvae being placed
on a background of white. At this time all except one
were in the last stages, and many in all the cylinders were
approaching maturity.  Of the forms of environment made
use of, 7 had produced dark larvae, and 3 light.
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A. DARK LARV.E OF BIDENTATA ON JULY GTH.

L. Dluck stichs—Fourteen out of the 15 larva: were very
black, the exception being quite small and probably in the
3rd stage.  These larvie were the darkest of all the sets.

1L Dccp blue paper spills—These 12 larvas were very
dark, comiug next to those upon the black twigs in this
respeet.  The dark purplish-black colour was also very
uniform over the whole larval surface corresponding to the
unvarying tints of the environment.

111, Purplish-brown twigs—These 15 larvie were slightly
more varicgated than II, in correspondence with the less
uniform darkness of their environment. Except for this
slight introduction of rather lighter shades these larvee
werc as dark as IL

IV, White spotied purplish-brown twigs.—These 16 larve
were dark, but distinetly lighter than those of the three
previous scts.  They also varied a little, whereas the
groups first described were more uniform.  Although the
relative lightness and the darkness of these larvie, as
compared with III, corresponded to the gencral effect of
their respective environments, there was no marked
resemblance to the special details of the twigs which
had been carefully selected for Experiment IV.

V. Brown twigs—"The 17 larvie were distinctly brown
and not nearly so black or purplish as the preceding sets.
The shade of brown varied, being much lighter in the
smaller larvae.  The brown larval surface was also some-
what variegated with different shades of the same colour.

V. Dark ov erspread with a bright yellownsh-green powdery
lichen—The 18 larvie varied very greatly, some being as
dark as the blackest of set I; many were variegated with
shades of brown, harmonizing well with the environment;
for the lichen soon lost its green tint and became various
shades of brown. This is the only note relating to this
experiment which has been found. There is no doubt that
the young larva: were introduced on May 22nd or 23rd.

VL ZLiehen-covered sticks—The lichen was probably dead
and. had become much paler. These larvie too were much
lighter than any of the previous sets, although a few
were quite dark. Nearly all were light brown and much
variegated with shades of brown, harinonizing well with
the environment.

Of the 7 sets of larvee described above, the degrees of
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\ {
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| ‘
| o *1 - o
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x
|
|
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13 on twigs, 2
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13 on twigs, 3
on leaves.
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|

1. 11,
| Dates in 1893, Black twigs of [ Deep blue paper
Turkish oak. spills.
[ July 15, | 15 ontwigs. All| 10 on spills, 2

- (W. Holland.)

very black.

on green. Allvery
dark.

11,
Dark purplish-Tnown
glossy twigs probably
of birch.

v.
White-spotted '
purplish-brown twigs
of bireh. '

14 on twigs, 1| 12 on twigs, 4
on green. Allvery | on green. Colour
dark purplish-|darkish brown but
brown. | distinetly  paler

“than III.

July 18.
(W. Holland.)

- t

As before.

As before,

As before, As Dhefore.

1

July 23,
(W. Holland.)

July 27.
Careful com- |

As before.

Some  mature
and spinning up.

Some pupating.
All black, but one

6 larvie remain,
nearly mature. All

As before, As before.

Allaveryuniform

All dark greyish-
dark purplish-

brown and very

parison has oy faint very dark purplish, | brown, almost | uniform.
(E. B. P.) traces of green on almost black, as|black, but not so )
sides  anteriorly. on many previous |much so as those |
These larvae occasions. with  the  blue
blacker and less spills. '
} purple than those
with blue spills !
i (In). |
| f— - —
1 ‘
| July 28 8 larvee still 5 still feeding. 9 still feeding: 12 still feeding :
((W. Holland.) feeding. All on 4 on spills, 1 onfall on  twigs. all  on  twigs.
[ twigs. leaf. (July  30.) A (July  30.) A
. typical larva typieal larva.

| Ang. 3.
1 (W. Holland.)

(July 31.) A
typical larva
painted 5 shown in
Plate XVI, fig. 1.

(Aug. 4.) Re-fed.

(Aug. 8.
W. Holland.)

Re-fed.  Omneor
two still feeding.

painted ; shown in painted; shown in '
Plate XVI, fig. 3. Plate XVI, fig. 4. |

S ——

5 ostill feeding. 6 feeding. All
(4 on twigs, 1 on on twigs.

| greem.

As before. AILD
on twigs.

5 feeding: all
on twigs. Colour
as before. (Aug.
19.) 8 still feed- |

ing.
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v, | VI ‘ Vil ML IX.

Reddish-brown Lichen-covered | Weathered pale grey _('!eufl leaves and Orange paper

twises stiek barkless twivs shoots of food-plant anills
g5 ) sticks. ) ess g5 (Populus nigra). Pills.

10 on L\\'igs,7on‘ 10 on sticks, 4 12 on twigs, 1 11 on spills, 4
green.  All brown on green. 6 with on green. Allvery on green.  All
like twigs. ‘ green patclies, | paleand extremely . pale  yellowish- |

“very marked in 2. like twigs. ‘ brown. ‘;

‘ | !
| .

‘ ' : '

As before, © Asbefore. Some \ As before. As before.

larva: mature,

i ‘

| , , |

Some larva| Others mature, As before. Soue larve
mature. | mature. 1
B I - B /

i . .

Some larvie have | 3 or 4 with.  All now much  Larvie very ! Very light

become of a much | green  patehies, 3 darker, but still |light  Trown, browu, like VIIL. |

darker brown or 4 with brown. 'like the darker like IX,

lately. The change twigs  in the
probably due to 1 cylinder.  Some
matnrity. ‘ mature, ‘

i

10 still feeding. 7 feeding. All| 10 feeding; all (July 31.) A, 7 feeding, all,

8 on twigs, 2 on on sticks. on twigs. A typical typical — larva on spills,
- green., larva was painted ; painted ; shown
‘shown on DPlate on Plate XVI,
XVI, fig. 2. fig. 5.
4 feeding. All 2 feeding. 6 on twigs, Ton, 6 feeding. All 5 feeding. 4
“on twigs, green. pale brown. on spills, 1 on

 muslin,

{ |
(Aug. 19.) ]) (Aug. 18.) All 7 still feeding. 5 feeding, 1  Asbefore. All

still feeding. pupated. (Aug. 19.) 2still dead. (Aug.19.) & onspills. (Aug.
: | feeding. 5 feeding; all 20.) All pupated.

very pale brown,
4 feeding  on
Aug. 26, and 1
or mote on Aug.
31.
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darkness follow in the same order as that in which the
results are recorded, except that V and VA were much
alike, the brown differing i tint rather than in depth.
VI were much lighter than any of the others.

B. LIGHT LARVA OF BIDENTATA ON JULY GTH.

VII. Weathered grey barkless twigs.—The larvee were
very light ; of a distinct grey colonr, harmonizing perfectly
with the environment.

VIII. Green leaves and shoots of food-plant.—The 14
larvee were all very light brown but not at all greenish.

IX. Orange paper spills—The 15 larve closely re-
sembled VIII, but were not quite so light.

Some of the results of this comparison have been
incorporated in the tabular statement. Another careful
comparison was made on July 27th, but in this case it
was possible to include the whole in the table.

SECOND EXPERIMENTS WITH LARV.E OF O. BIDENTATA.
EXPERIMENTS WITH LICHEN oN LARVAE oOF
A. BETULARIA (1893).

In sending the sccond mixed set of eggs of bideniata,
Mr. Porritt wrote on June 13th, 1893—“1 certainly had
no expectation of secing any more Odontopera bidentata
this season. However, when collecting on Saturday, at
Sledmere, in a high wood on the Yorkshire Wolds, I found
several | Two of the females have deposited a few eggs,
which I forward at once with this. Sledmere is on the
chalk, and #identata there is quite of a ditferent type to
our West Riding moth, being of the pale, ochreous banded,
distinetly southern form.”

The eggs were placed In a single cylinder, and as soon
as a suflicient number of larvee had hatched, I started
Experiments X to XV, between June 27th and July 3rd,
the 14 larvae of A. betularia received from Mr. Arthur
Sidgwick being divided between Experiments XII to XV,
Experiments XVI to XVIII were started on August 3rd
by Mr. Holland, with the latest larvee of bidentata. All
the observations on Experiments X to XVIII recorded
in the tabular statement on pages 328—331 were made by
Mr. Holland. The food-plant used thronghout was Populus
wnigra. When flat picces of bark were introduced (XTII,
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XIII, XTIV, as well as Vain the first series of experiments),
they were tied together in pairs with the lichen-covered
surfaces outwards.

ExreriveNTs XVI, XVII, aAxp XVIII with THE LARVE
OoF O. BIDENTATA UPON GREEN LEAVES AND SHOOTS
OF THE FooD-PLANT (Populus nigra).

The results of these experiments were uniform, and
require so little description that a tabular form of
presentation is unnecessary.

Experiments XVI (10 young larvee), XVII (17 larvee),
and XVIIT (14 larvie) were begun by Mr. Holland on August
3rd, 1893.  He recorded that the larvie of XVI were pale
brown, 2 of them rather variegated ; while of XVII, 14
were pale brown and 3 rather variegated. Of XVIII no
record was made. The larvie were the last hatched from
the mixed batch of eggs which supplied the material for
Experiments X to XV.

August 8th.  All re-fed. Sixteen larvee in X VII.

Auwgust 12th.  XVI and XVIIT re-fed ; the latter noted
as nearly all pale brown, a few rather variegated.

Auwgust 15th and 19¢h.  XVI and XVIII re-fed; larvae
10 and 14 respectively.

August 17th. XVII re-fed; 16 larvee.

August 21st.  XVII re-ted ; 8 larvee had escaped. The
10 larvie in XVI were all of a pale brown colour.

August 22nd.  XVIIL 13 larvae pale brown, 1 darker
with a few green markings.

Auwgust 26th and 31st. Al re-fed ; larvee 10, 8, and 14
respectively.

September 5th. X VI, becoming mature (2 still feeding
on 9th and 13th ; no further notes on this set). XVII, 7
larvee, all pale brown. XVIII, 14 larva:,

September Sth.  XVIL 2 mature (all mature on 13th).
XVIIL, 1 mature, 1 dead. Of 12 still feeding, 10 pale
brown, 2 rather darker brown. Two out of the 12 slightly
tinged with green.

September  13th.  XVIII, 6 still feeding. On the
18th they were neither pupating nor feeding, and on the
23rd the last died. It appears possible that there was
a tendency towards hybernation on the part of the larva
with the slowest rate of growth.
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| | Xil.
X. ‘ XL l}ark covered with
D.'lt’els in D:u-kv1n1r1»li,&h_—l»ruwn Reddish-brown bright y_ﬂ]lowish-grecn .
1593, glossy twigs, twigs. powdery lichen, the culnur»
probably of bireh. of which faded and left
the dark bk, |
I — | — = ]
| |

(July 2.) 13 small  (July 3.) 20 larve | 3 betrluria, smaller
larve introduced,  introduced, at begin-fthan in XII1 and

- mostly in 2nd stage, ning of second stage. | XV, introduced. 15
rJulxe 2. The smallest about | bidentuta, similar to |
55 mm. long, and|those introduced in
none much longer. XIII. :

|

Half of the larvie 20 counted, A few| 3 betwlaria, pale
becoming purplish.  becoming  veddish- | yellowish - green. 15

July 12, brown, bidentnty variegated.
|
| | i
_— | o - -
July 15, Re-fed. " Re-fed. 20 counted. Re-fed, 3 and 15
’ connted. !
©9 oon twigs, 4 on 10 on twigs, 8 on| 2 betwlarie, mature,
July 18. green. green, Larve becom- 14 bidentata,  all
ing dark  reddish- | darkish, variegated. |
brown and variegated. ‘
S - [ — [ — [ 7i

(July 24) 12 on 15 on twigs, 1 on Last betularin
twigs, 1 on green. |green, 1 on wmslin, | mature. 10 bidentata
Ahmost all dark. | As before, ou bark, 1 on green, 3

July 23. Lon muslin.  All varie- |
cated brown, slightly
tonched with green
and with white dashes
along sides. |

12 on twigs, 1 on  (July 27.) 12 ou 13, all on bark (as
green. 10 dark brown, twigs, 4 on green, 1 alsoonAug. 1). About"

July 28. variegated; 3 paler onmuslin. 8 changed  half darker, but all

and less variegated. skin and of a more|still variegated. All
i uniform brown colour. | except 2 with more |
or less green.

11 on twigs, 2 on  (July 31.) 14 on| 12 on bark, 1 on
green, 11 dark brown twigs, 1 on green. | muslin. As bhefore,
and  more uniform 8 brown like the but have  become
than before, 2 rather twigs; 4 paler and|darker. This is the

Aug. 3. paler. One or two less uniform ; 3 varie- darkest set of Experi-

“have patches of pale gated and  patched  ments X1I to XV,
i green. with green. (Aug. 4.)

12 on twigs, 2 on

areen, 1 on muslin.

As before.




between lepidopterous lurvae and thewr swrrowndings.

|

1

XIII. |

Jark covered with |

Dluish-green licheu, probably
Physcia pulverulenta.

X1V.
Bark covered with orange
liclien, probably Physcic
puricting, combined with
P. pulverulenta.

329

XV.
Lichen-covered sticks,
The lichen prohably
Renaling jarineeea,

3 betularia, abont 12

mm. long, introdueed.
12 bidentala, about 6
mm. long, introduced,

; mostly changing skin.

2 betularia yellowish-
green, 1 brownish-green. |

10 bidentute mtich
variegated. l

Re-fed. 3 and 10
counted.

Betularia, all mature.
9 brdentata much

variegated. |

8 on bark, 1 on green.
2 secmed unhealthy. All
much  variegated  with
pale brown and green.
Small white dashes on
sides. ‘

(June 25.) 4 betularia,
about 7 mm. long, intro-
duced. 1 changing first
or second skin, others

rather larger. 8 bidentuta,

about 6 wmm. long, in-
troduced.

3 betularia pale
yellowish-green, 1 grey

1
|
|

4 lbetwlaria  and 10
bidentate introduced.
| Both similar to these in

XIIL

|3 betwlaria ycllowish-i\
‘green, 1 dark brownish-

mottled with brown. 2 green. Bidentata
much smaller than others. | mottled.

Bidentate rather pale, !

yariegated. 1

e

2 yellowish - green 4 and 10 counted,

betwlarie still feeding.

Al betularia mature.

4 bidentate on bark, 3
on green. All brightly
variegated.

Betularic as before.

3 Dbetwlaria mature, |
1 escaped. 10 bidentain
dark, mottled;  some
green on sides. |

4 on bark, 3 on green.
All brightly variegated
with shades of brown,
and patched with green.

(July 24.) 8 on sticks, ‘
1 on green, 1 on muslin, |
Nearly all patched with
_green,

|

7 on bark, 1 on green.
Colours as before. Typical
larvee painted, Aug. 1st!
and 3rd, shown in Plate
XVI, figs. 6 and 7.

6 on bark, 1 on green.
As before.

‘ 10 on sticks. 6 darkish
brown mottled with green
and paler brown : white

~dashes  on  sides. 3

‘similar  but  paler. 1
without greem. '

8 on bark. 1unhealthy.| 7onbark. Allchanged 7 brown, more or less

6 brown, lighter than in

skin. 1 blackish-brown,

| patched with green, some

XII, brightly mottled ‘ 4 darkish brown, 2lighter very strongly. 1 grey

with paler brown and
green. 1 paler, less varie-
gated, with little green. |
1 small and pale, without |
areen.  White lateral |
\dashes only on fornfer 6.

brown ; all vartegated
with much green, aud the
darker omnes also with
paler brown. All with
lateral white dashes,

rand  brown  strongly |
patched with pale green.
2 pale brown with little
orcen.  Most show white
lateral dashes.
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!

" Datesin
1843,

Aug. 12

X.
Dark purplish-brown
glossy twigs, |
probably of birch.

9 on twigs, 4 on
green. All dark brown,
some with a little
green.

(Aug. 10.) 11 on
twigs, 2 on green.
11 purplish-brown, 2
rather paler. Several
larvee  with  green
patches on sides.

Aug.

Aug. 19.

12 on twigs, 1 on
green.  As before.

XIL.

Bark covered with
bright yellowish-green
powdery lichen, the colour!
of which faded and left

the dark barlk, 1

XIL.
Reddish-brown
twigs.

10 on bark, 3 on:
green. 10 of a rich
dark brown patched
with lighter brown
and green: 3 lighter
brown variegated with |
still paler brown and '
green. All but one of
these paler larvae with
little white dashes on
sides. The greenmarks
less pronounced than
in XIIT and XIV,

(Aug. 10.) 13 on 10 on bark, 2 on
twigs, 2 on green. green, 1 on muslin.
All - brown, mostly
rather darker than
twigs, but 4 rather
paler. Several patched
with green.

12 on twigs, 3 on
green.  As before.

(Aug. 7.) 14 on|
twigs, 1 on green.

- (Ang. 14.) 10 on
| bark, 2 on green. All
' but 2very dark brown,
'with far less green
than XIIT and XIV.
|

10 ou twigs, 2 on
green, Purplish-
| brown, several with a
little green. 2 rather
paler brown.

10 on twigs, 5 on| 12 larvie, as before.
green. All  brown,
several patched with |
green.
|

Aug.

o
&

CAug.

PR

Aug. 30.

Sept. 5.

S on twigs, 4 on
green.

1 or 2 slightly marked
with green, ‘

stieks.

10 purplish-;
brown, 2 brown. Only |

(Aug. 22.) 9 on
bark, 3 on green.

(Ang. 22.) 12 on|
twigs, 3 on green.
All brown, 8 resemb-
ling twigs, 2 rather
darker, 2  rather
lighter. !

© Refed. 10 on bark, 2 dead, |

9 on sticks, 2
green. 1 mature.

on |

6 on bark, 4 on
green. The eolour of
the lichen had faded,
and left the dark
bark.

2 mature, and 2
more on Aug. 31.

Mostly mature. 2
feeding Sept. 8. All

mature Sept, 13. |
|

(Sept. 4.) Larve
becoming mature, A
few still feeding Sept.
9 and 13.

(Sept. 4.) Nearly
all mature. Only 1
feeding Sept. 9.
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X111,
Bark covered with
' bluish-green lichen, probably
Pliyscia pulverulenta,

X1v.

Bark covered with orange
lichen, probably Physcia
paricting, combined with

P. pulverulenta.

Liehenvco‘ver.ed sticks.
The liehen probably
Ramalina furinaceo,

5 on bark, 2 on greeu.
| As before.
i

?
1

| As before, except that
“smallestlarva now marked
with green.

(Aug. 14.) 7 on bark. |

7 ou bark. As before,
Typieal larve painted
Aug. 4 and 5, shown in
Plate XVI, figs. 8 and 9.

As

]
|

(Aug. 10.) A typical
larva painted, shown in
Plate XV1, fig. 10.

10
before.

on  stieks.

~

7 on bark. Drowu,
variegated  with paler
brown and with green
i(Qs)trongly 5, less strongly

|
.
| 6on bark, 1 on greeu.
“ Colour as before.

(Ang. 14.) 7 on bark.
Lighter  and  greyer
ground - eolonr.  Green
patches very marked.

5 on bark, 2 on green.

Colour as hefore.

6 on bark. Al varie-

gated  greyish - brown,
strongly patched  with
green.  White lateral
dashes.

(Aug. 1+.) 10 onsticks.
8 grey -brown mottled
with darker brown and
‘ much green, so that some
| are half green ; 2 similar
but browner.

10 on sticks.
| as before.

Colour

[

|10 on
before.

|

—
sticks.  As.

" (Aug. 25.)
| 1 on green.

6 on bark,

"2 mature. A ty;icﬁ

i:larva painted Aug. 31,

‘shown in Plate XVI,
fig. 11.

(Aug. 25.) 6 on bark.

J '
| (Aug. 25.) 9 on twigs, |
1 on tloor.

6 on bark. Colour as
on Aug. 21

(Sept. 4.) All mature.

All matnre exeept one.
Last matnre Sept. 8.

. Larvee becoming mature.

!

All mature. 7
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EXPERIMENTS UPON THE LARVE OF GASTROPACHA
QUERCIFOLIA (1893-4).

On July 22nd, 1893, Mr. W. Holland found a company
of young larvee of this species crowded together towards
the end of a shoot of hawthorn near Steeple Aston, Oxford-
shire.  They were all the same size, and had evidently not
long before hatched from a single batch of eggs.  Thus was
afforded the opportunity of trying another set of experi-
ments upon a larva which is known sometimes to assume
a lichen-like appearance. Furthermore, there was the
additional interest of testing larval susceptibility to en-
vironment before, during, and after hybernation. The
food-plant employed throughout was hawthorn.  The
present writer 1s responsible for the starting of the experi-
ments, the arrangements for hybernation,and the comparison
of larvar on September 21st, October 3rd to November 3rd,
March 26th, April 27th, May 7th and 25th.  The other
records were chiefly made by Mr, W, Holland, in much less
part by the present writer.

L G quercifolia,

July 2814, 1893,  Fifteen larvar of quercifolia placed
with intensely black twigs of the Turkish oak (Quercus
cerris), intermixed with their food-plant, hawthorn.  They
were re-fed and examined on the following dates.

Aungust 1st.  Twelve larvee on the green leaves and
shoots, 3 on the black twigs. All blackish-grey in colour.

Aungust 5th.  Four larva: on the leaves and shoots, 11 on
the black twigs.

Auwgust 9th.  Three larvie on the leaves and shoots, 12
on the black twigs.

Auwgust 1420, Tifteen larvie counted; all on the black
twigs. The colours were black and white with a little
grey.

Awgust 19t All 15 larve on black twigs.

Awugust 22nd. All 15 larve on black twigs.

August 31st.  All 15 larvae on black twigs. The larve
were now much blacker, but white markings were still
present.

September 4th.  Fifteen counted.

September Tth,  Fifteen larvae on black twigs.

September 9th.  Fifteen larvee on black twigs.
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September 14th.  Fifteen larvae on black twigs, 2
blackish, 13 black with white markings.

September 16th.  Fifteen larvae on black twigs.

September 18th.  Fifteen counted.

September 21st.  Fourteen larvaee on twigs, and 1 little
one on leaf. The larva: were re-fed on September 26th
and 30th.

11, G. quereifolic.

July 28th,1893. Fifteen larvee of guereifolia placed with
sticks profusely covered with lichen (probably Zewnialing
Jarinacea was employed thoughout) intermixed with their
food-plant, hawthorn. They were re-fed and examined on
the following dates.

August 1st. One larva on lichen-covered stick ; all the
others on leaves and leaf-stalks. All blackish-grey in colowr.

August 5th.  Twelve larvae on lichien-covered sticks; 3
on food-plant.

Awgust 9th.  Fourteen larvee on lichen-covered sticks ;
1 on food-plant.

August 14¢h.  Fourteen larvie on lichen-covered sticks.
Colours black with white and grey markings; the latter
larger than on the larve of the other experiments.

Auwgust 19¢th, Thirteen larve on sticks; 1 on food-
plant.

Auwgust 22nd.  Thirteen larvie on sticks.

Awgust 26th.  Thirteen larvie on sticks.

August 31st.  Thirteen larvie on sticks. The white
and grey markings had now developed to a much greater
extent,

September 4th.  Thirteen larvae on sticks.

Septeanber 9th.  Thirteen larvee on sticks.

Septesnber 1420, Twelve larve on sticks  Colours
white and grey and black, cxcept 1n the case of 2 larva
without any black.

September 16th.  Twelve larvie counted.

Septernber 18th.  Twelve larve on sticks.

September 21st. Nine larvie on sticks; 3 on the twigs
of hawthorn. At this time of the year it was almost
impossible to get a sufficient quantity of the green shoots
of the hawthorn, so that darker twigs were sometimes
mcluded, and upon these the larvie occasionally rested.
The larvae never rested upon the lichen itself, but on the
surface of the bark between the masses,
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The 12 larvee were re-fed on September 26th and 30th,
and on October 3rd and 7Tth.

II1. 7. quercifolia.

July 25th, 1893.  Fifteen of the quereifolia placed with
red-brown stems of the bramble, intermixed with their
food-plant, hawthorn. They were re-fed and examined
on the following dates.

Auwgust 1st.  Only 1 resting on bramble stem, others on
leaf-stalks, Blackish-grey in colour.

Awgust 5th. Seven on stems, 5 on green parts of food-
plant, 3 on gauze top of cylinder.

August 9th. Thirteen on stems, 1 on green parts of
food-plant, 1 missing.

Awgust 14th. Fourteen on stems. Some black with
white markings, some grey and some mottled reddish-
brown.

August 19th.  Fourteen on stems.

Auwgust 22nd.  One missing, all on stems.

Awgust 26th.  Thirteen counted.

August 31st.  Thirteen on stems.  All were now grey-
brown with black and white markings,

September +th.  Thirteen on stems.

September Tth. Thirteen on stems.

September 91h.  Thirteen on stems.

September 1410 The colours were now as follows :—
1 brown and grey with white markings, 2 brown with white
markings, 3 brown with various shades of grey, 3 grey and
brown mth white markings, 2 grey with white markings
and brown patches, 2 dark grey w ith white markings.

Neptember 16th.  Thirteen counted.

September 18¢h.  Thirteen on stems,

September 21st. Twelve on stems: 1 on hawthorn
twig.

Thev were also re-fed on September 26th, 30th, October
srd and Tth.

IV. G quercifolia.

July 28th, 1893, Fifteen larvae of quercifolic placed
with green leaves and shoots of the hawthorn. They were
re-fed and examined on the following dates.

Auvgust 4th.  Fifteen counted. Blackish- -grey in colour.

Auwgust Sth.  Fifteen counted.
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August 14th. Fifieen counted. Rather variable in
colour, but somewhat greyer than at first.

August 19¢h.  Fifteen counted.

Angust 22nd.  Fifteen counted.

Auwgust 2Gth,  Fourteen counted.

September 1st.  Fourteen counted.

September 5th.  Fourteen counted.

September 9th.  Fourteen counted. .

September 13th.  Fourteen counted. Colour variable:
3 black and white; 9 grey and black-and-white ; 2 grey
and brown-and-white.

September 16¢h.  Fourteen counted.

Septemnber 18th.  Fourteen counted.

September 21st.  Fourteen counted. All on the shoots
of the hawthorn.

September 26th.  Fourteen counted.

October 3rd.  Fourteen counted.

October Tth.  Fourteen counted.

October 18th.  Fourteen counted. Colour unchanged,
but rather darker than when last noted.  Arranged for
hybernation 1n two muslin bags on the hawthorn tree
described on p. 337 ; one bag containing the 7 darkest, the
other the 7 lightest.

FirsT GENERAL COMPARISON (SEPTEMBER 21ST), ALL
THE QUERCIFOLIA LARV.E BEING PLACED UPON A
UNIFORM BACKGROUXD OF WHITE PAPER.

L. G qucreifolin.

As regards the larvee with black twigs of Turkish oak, it
should be noted that the molstare iu the glass cylinders
had encouraged the growth of small whitish spots of mouid
upoun the dark bark, and it is possibie that some 2ffect may
have beeu produced by their presence in the enviroument.

Of the 13 larvee, § were remarkable for the very slight
development of light markings upon the intense black
vround-colour: in one larva indeed the light rarkings
were altogether wanting. The remaining Y larvie were
black, chequered with white markings, which were however
far less developed than in the former group which had
been with lichen-covered sticks. The ground-colour of
these 15 larvee differed strongly from that of all the others
n its deep black shade.

~ TRANS. ENT. 30C. LOND. 1903, —PpART 1IL.  (0CT.) 2!

vy

[
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Two of the 6 caterpillars described above, including the
uniformly dark one, were selected for painting, together
with a representative of the 9 chequered larvee. The larva
without white markings was painted by Mr. Bayzand on
September 23rd, and is shown on Plate XVII, fig. 2; the
one with minute white markings on September 26th
(Plate XVII, fig. 3), and the chequered larva on September
25th (Plate XVII, fig. 1).

II. (7. quercifolia.

By far the most marked vesult was seen in the 12 larva
with an environment of lichen-covered sticks. Not one of
the 12 could be mistaken for any larva of the other
groups.  In the case of 4 larvae the effects were especially
marked, these being of a light colonr over nearly the whole
of the exposed surface, the black ground-colour quite
replaced by a pale brownish tint in one and by grey in the
others. The 8 remaining larvie closely resembled each
other, being dark chequered with white; but the ground-
colour, althongh dark, was not black like that of the larvee
with Turkish oak (I), while the white markings possessed
a greyish tinge 1 one larva and a bluish in another.

The 4 larva: first mentioned were separated from the
others for painting at this date, together with the one in
which the markings were bluish-white, and another repre-
sentative of the comnonest type of appearance, viz. a dark
ground-colonr with white markings.

L. ¢/ quereifolia.

The ground-colour of all the larvee with brown bramble-
stems was very dusky and brownish. Five of them had a
distinet brown patch on ecach side of the 2nd abdominal
segment, partially extending on to the 1st, and another
patch on the dorsal surface of the 5th abdominal. The
dorsal hump on the Sth abdominal, and in some larvee the
area surrounding its base, were also brown. In the remain-
mg larvee the light markings were more generally greyish
than white, and were often evanescent. Of the first-named
5 larvee only one had the light markings well developed, and
this was selected for painting together with another m which
these markings were almost absent. The remaining larvee
were similarly represented by the larva with the white
markings best developed and the one in which they were
feeblest,
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IV, 6 guereifolia.

The larvee with green leaves and shoots were very
varied, showing tendencies in the direction of all the other
groups, but chiefly resembling the chequered black-and-
white larvie with the black twigs of Turkish oak, although
the ground-colonr was not nearly so dark. A few tended
towards the greater development of the light markings
which was characteristic of the group with the lichen-
covercd sticks, while all of them approached the larva
with the brown stems in the dusky tint of the dark ground-
colour, There was no reason for painting any of these
larvee.

ARRANGEMENTS FOR IIYDERNATION AND FINAL
COMPARISON OF THE QUERCIFOLIA LARV./E
BEFORE HYBERNATION.

I. G quereifolia,

October 3rd.  Larvae with black twigs. [t was evident
that the larvie were ready to hybernate. They had eaten
very little, and some of them were spinning a foot-hold.
The size was that shown on Plate XVII, figs. 1 to 3. A
great change had taken place since the last comparison on
September 21st: only 3 larvae instead of 9 were now
chequered black-and-white, 6 having become nearly as dark
as 5 out of the G darkest members of the group. The
white patches of the chiequered individual painted on
September 25th were now far duller and less conspicuous.
The larvee of this and all the other series were specially
arranged so as to test for the existence ol any susceptibility
to the colours of the environment during hybernation. All
were enclosed in muslin sleeves upon a large hawthorn
tree, with pink double flowers, in the garden of Wykeham
House, Oxford. It should be noted that the branches
enclosed in the slecves were very dark, although not so
intense a black as the twigs of the Turkish oak.

A. The 3 chequered black-and-white larveae were enclosed
with an abundance of black twigs of Tuarkish oak.

B. The 5 darkest were similarly placed with lichen-
covered twigs.

C. Six dark larvie, but not quite so dark as the last lot,

were similarly enclosed with black twigs,
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II. G. quereifolia.

October 1670, Larve with lichen-covered sticks.  Many
of these larvae had also undergone considerable changes
since September 21Ist; so much so indeed in certain cases,
that two of the examples set aside for painting had to be
changed for others which better represented the appear-
ance borne by the former when they were selected. Of
the 4 lightest larvie on September 21st only one remained
greyish (painted October 2nd, shown in Plate XVII, fig. 6);
2 were now of a brownish tinge (painted October 3rd, fig.
4, and October Tth, fig. 9, Plate XVII): while the +th
had become so much darker that another brownish larva
was substituted for painting (painted October 6th, fig. 3,
Plate XVII. The latter was not, however, as light as any
of the other 3 sct aside on Sept. 21st. Of the other 2
darker larvie previously selected for painting, the one with
bluish-white spots had altered, and another more like its
former appearance was substituted (painted October 9th,
Fig. 8, Plate XVII). The remaining 6 dark, white-marked
unpainted larvee had not changed, except that the white
marks upon two of them had become smaller and less
conspicuous,

These 6 larvee, with the dark, white-marked one which
was painted on October 10th, and is shown on Plate XVII,
fig. 7, were divided into two groups for hybernation.

D. Four dark, white-marked larvee, including the darkest
larva of all the 7 with the smallest white spots, were
enclosed with lichen-covered sticks.

E. Three dark, white-marked larve, including the
darkest larva but one of all the 7, were enclosed with
black twigs of the Turkish oak.

The 3 hohtest larve swere thus treated.

F. One larva was enclosed with lichen-covered sticks
(Plate XVTI, figs. 4 or 9.

;. Two larvee, including the greyish one (Plate XVII,
fig. 6), were enclosed with black twigs. The other larva
is represented in Plate XV1I, figs. 4 or 9.

H. The two remaining larvee which had been substituted
for painting, viz. the brownish larva (Plate XVII, fig. 5),
and the dark one with bluish-white marks (Plate XVII,
fig. 8), were enclosed with lichen-covered sticks.
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I, G. quercifolic.

November 3rd. The larvee with brown bramble-stems were
compared and arranged for hybernation. The larvae were
more distinctly brown and more uniforinly so than when
last compared. The brown patchies on three parts of the
surface of certain larve, viz. the 2nd, 5th, and S8th
abdominal segments, were still evident and more distinct
than ever. On some individuals they had increased in
size. In only a single larva were the light patches at all
large and conspicuous. Seven larve were very uniform
in appearance—dark brown with light brown patches
generally present.  The remaining 4 larvae were also dark
brown, but 1 was distinctly marked with whive, 2 less
distinetly marked with brownish-white, while the dorsal
surface of 1 was overspread with grey. The latter larva
was painted on October 17th (Plate XVII, fig. 12).  One
of the brownish-white-marked larvee was painted on October
13th (Plate XVII, fig. 10); and 2 of the 7 first described
were painted on September 30th (Plate X'VII, fig. 11) and
October 16th (Plate XVIT, fig. 13).

This group of larvae was arranged for hybernation as
follows :—

I. Four of the 7 uniform larvae were enclosed with
lichen-covered sticks.

J. The remaining 3 were enclosed with black twigs.

K. The 4 more spotted or lighter larva were cnclosed
with brown stems,

FirsT GENERAL COMPARISON AFTER HYBERNATION,
MarcH 26th, 1894.

The weather was very warm on March 25th and 26th,
and the buds of the hawthorn were well out.

I. THE 14 QUERCIFOLIA LARVAE OXN BLACK TWIGS BEFORE
HYBERNATION.

A. The 3 chequered larva with bluck twiys—All three
larvae were quite healthy, and freely moved about when
disturbed. Two were at rest on the black twigs, 1 was
walking about, probably disturbed by the examination.
They had eaten many of the buds, and oune had changed
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its skin probably since hybernation: the old skin was
found in the muslin bag.

B. The 5 darkest loyea acith lichen-covered sticks.—All
the larvie were in the same healthy and vigorous condition
as those just described, and had eaten the buds of the
hawthorn. Every trace of the winter torpor had dis-
appeared, and they moved freely when touched. The
larvie were uniformly dark brown, and quite unaffected by
the presence of the lichen. Four were resting on a branch
of the hawthorn, while one was on the muslin.

C. The 6 davk larva with black twigs—Three were dead
and dried up, 2 in the bag and 1 still fixed to a branch of
the hawthorn.  Of the living larvee, 2 were fixed to the
muslin and 1 to a branch. One luva appeared to be
unhealthy. One had changed its skin, and the hawthorn-
buds had been caten. Al the larvie, including the dead
ones, were uniformly dark. )

It was clear from this comparison that no change had
been wrought by the winter surroundings.

II. THE 12 QUERCIFOLIA LARVA WITH LICHEN-COVERED
STICKS BEFORE IIYBERNATION.

D. The & davlk, whate-marked larva, including the darkest
of the 12, with lichen-covered sticks—These larvee had
evidently eaten, and were healthy and easily disturbed.
Three were on branches of the hawthorn, and 1 on a
lichen-covered stick, but all had left their silken foot-holds.
All retained the appearance they possessed before hyberna-
tion: the contrast between dark ground-colour and light
markings was weakest in the larva on the lichen-covered
stick.

K. The 3 davi, whitc-marked lavea, incliding the darlkest
but 1 of the 12, with blaek twrigs—All 3 larvie were on the
hawthorn branch, and were n the same condition as the
above-described set (D). One was resting on a silken
foot-hold, but this was probably accidental, as there was
no trace of torpidity. All possessed the lichen-like
appearance borne before hybernation.

¥. Ouce of the 3 lightest laree, with lichei-covered sticls.—
The larva was resting on the muslin. It was doubtful
whether anything had been eaten, but the larva readily
moved on disturbance, and was not resting upon a foot-hold.
It still remained one of the three lightest larva, and had
not undergone any change during hybernation.
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G. Two of the 3 lightest larve, with black twigs—Both
larvae were healthy and irritable; they had evidently eaten.
One was resting on the hawthorn branch and 1 on a
black twig. They still remained very light, like that
described above (F), and were quite unaffected by their
dark surronndings during hybernation.

H. The 2 lavvawr—ithe lrownish one and that with blwish-
whate  spots—avith lichen-covered sticks.—1t 1s 1mprobable
that anything had been ecaten, and these larvie did not
appear to have emerged from hybernation. The one with
bluish-grey marks was upon a lichen-covered stick : 1t was
shrunken, and it appeared doubtful whether it would
survive. The other was still attached to its foot-hold on
the hawthorn branch, and had evidently not moved during
the winter. It was very lichen-like, and entirely unchanged
by its winter environment.

ITI. THE 11 QUERCIFOLIA LARV.E WITH BROWN
BRAMBLE-STEMsS BEFORE HYBERNATION.

L. Fowr of T wniformly brown larve, with lichen-covered
sticks—All were healthy and had ecaten freely: 3 were
on the hawthorn branch, 1 on the mushin. All were
distinctly brown.

J. Three of T uniformly brown larese, with black twigs.—
One larva was dead, while 2 healthy ones had evidently
eaten. Both were on the black twigs, and possessed the
same dark brownish ground-colour with brown patches as
the 4 last-mentioned larvee (T).

K. The 4 most distinetly spotted or lightest larvee, with
brown stoms—One larva was dead, while 3 healthy ones
had evidently eaten. All 3 were on the hawthorn-branch.
This set still included the most distinctly white-spotted
individuals of the whole 11. It was evident that no
change ocenmrred during hybernation.

IV. THE 14 QUERCIFOLIA LARVA UPON GREEN LEAVES
AND SIIOOTS OF THE HAWTHORN.

L. Seven larva enclosed in « wmuslin bug containing «
braweh of the hawthorn—One larva was dead, 3 were on
the branch, 2 on the muslin, while 1 became detached in
removing the bag.  All had left their foot-holds, with the
doubtful exception of one on the branch. All 6 were
healthy and irritable, and most of them had evidently fed ;
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1 fact one of those on the branch was eating when the
examination was made. The larvie were on the whole
darkish but very variable.

M. Seven larve arranged as in the last st (L), One
larva was dead, 2 were on the branch, and 4+ were on the
mushn, Al had left their foot-holds and were healthy
and irritable.  They had evidently caten.  Their appear-
ance was similar to that of the sct last described.

A complete history of the larmva of each set, I to 1V,
subsequent to hybernation, will now be given, followed by
an account of the careful comparisons of the whole which
were made from time to time, all the larvie being then
placed on a uniform background of white paper.

. Te QUERCIFOLTA LARV.E ON BLACK TWIGS BEFORE
HYBERNATION.
A, The 3 chequered Vack-and-white quercifolia larve on
Dack twigs throughout.

April Tth—-Re-ted, Three black larva with  small
white patches.  Unchanged when re-fed on the 10th: all
on twigs.

April 16t —Re-fed. Two larvee on twigs, 1 on haw-
thorn: appearance unchanged, as also when re-fed on 20th,
23rd, 27ch, and May 3rd ¢ all larve invariably resting on
the twigs.

May T1h—Re-fed.  One larva unaltered, while 2 had
changed skin, and the white markings had become less
bright. In one of these the old skin was still adherent
anteriorly.  This larva was removed to eylinder C (p. 344).
The other older darker larva was sent to Lord Walsingham
on May 11th.

May 11th.—Re-fed.  The single remaining larva was at
rest on twig; it was still black with white markings, and
was unaltered when re-fed on the 17th, 22nd, and 25th,
its position on the twig being noted on the two former
dates. It was sent to Lord Walsingham on May 31st.

B, The jfive darkest quercifolio larva with lichen-covered
sticks during and after hybernation.
April Tthe Re-fed.  All 5 larvee black, 3 of them with
white spots.
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April 10th. Re-fed.  Four larvic on sticks.  Appear-
ance unchanged.

April 16th. Re-fed.  Four on sticks, 1 on hawthorn.
Only 1 larva was now entirely black, the remaining 4 had
acquired large white patches. Two larvee, including the
first-mentioned, were removed to cylinder BL

April 20th. Re-fed.  All 3 on sticks, appearance un-
changed and on sticks, as also when re-fed on the 23rd.

April 27th.  Re-fed. Two on sticks, 1 on hawthorn.
It was noted that in one of the larvee the white marks
were less developed than m the others.

My 1st. Re-fed.  The last-mentioned larva had
changed skin and the white markings were reduced to a
single anterior pair and were quite small.  The 2 others
remained as before, and no further change was seen when
the 3 larvae were re-fed on the 3vd, 11th, 17th, 21st, and
25th.  They were noted as at rest on the sticks on all these
dates, except the first and last. The darkest larva was
painted by Mr. Bayzand on May 19th, and is shown in
Plate XVII, fig. 14, Of the two others, the one with the
more 1ntense Iy black ground-colour was painted by him
on the 22nd, and is shown in fig. 15 of the same plate.
Both these figured larvie were sent to Lord Walsingham
on May 25th, and the third was sent on May 31st.

B The two quercifolie layva separated jrom cylinder B on
April 1614,

April 16¢h. The larvee were respectively entirely black,
and black with white patches.

April 20th. Re-fed.  Both on sticks, colour unchanged.
Similar results were noted when re-fed on the 23rd and
27th.

May 1st. Both larvee had apparently changed skin.
The darker one had gained a pair of small white marks
anteriorly.  On May 5th the larvie were brought back
from London. No further change.

May 11th. Re-fed. The black-and-white larva was
sent to Lord Walsingham. The single dark larva, on stick ;
appearance unchanged. Similar notes on the 17th, 22nd,
and 25th, except that it rested on the hawthorn on the
first-named date, and its position was not recorded on the
last-named. The larva was sent to Lord Walsingham on
May 31st.



344 Professor E. B, Poulton on eolowr-relation

C. Three dark quercifolia lurva (out of 6) on black twigs
throwghout.

Apiil Tth. Re-fed. Two larvae dead.  The third at rest
on twig; black.  When re-fed on the 10th it was on twig
and unchanged.

April 16th. Re-fed. At vest on twig. Tt had changed
skin and was black with a few whitish spots. When
re-fed on the 21st, 28rd, 27th, and May 3rd it was un-
changed, and on each occasion resting on a twig.

May Tth. Re-fed. At rest on twig; unchanged. A
rather darker larva from cylinder A was added. Part of
the skin of the previous stage was adhering to the anterior
part.  When re-fed on the 11th, 17th, 21st and 25th,
these larvee were unchanged in appearance. Upon all
dates except the last it was noticed that they were both
upon twigs. Both larvee were sent to Lord Walsingham
on May 31st.

IT. THE QUERCIFOLIA LARV.E ON LICHEN-COVERED
STICKS BEFORE HYBERNATION.

D. Four dark, white-inarled querelfolic layoa, including the
darkest of 11, on lichen-covered sticks throwughout.

April Tth. Re-fed.  Four larvie, of which one appeared
to be unhealthy. All were darkish with large white
patches.

April 10th. Re-fed.  One larva had died, 3 upon sticks.
Two had changed skin, 1 remaining unaltered, the other
with a further extension of the white patches.

April 16th. Re-fed. T'wo larves upon sticks, 1 upon
hawthorn.  All were dark with large white patches, and 1
larva was very small,

April 21st. Re-fed.  The 2 Jarger larvee on sticks, the
small one on hawthorn. The former dark grey and pale
greyish-brown respectively; both with very large white
patches. The small larva was browunish-grey with pale
marks.  When re-fed on the 23rd all were on sticks and
unchanged, as also oun the 26th, except that the small larva
was on the hawthorn,

May 3vd. Re-fed.  The pale greyish-brown larva had
changed skin and was now a darker blackish-brown, with
large pale markings.  The other larvie were unaltered.

My 1110, Re-fed.  Two on sticks, the third, the large
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dark grey larva, having been sent to Lord Walsingham on
this date. The remaining large larva was dark brown
with large yellowish markings; the small larva had
changed 1its skin and was bluish-grey. The larvie were
re-fed on the 17th and 22nd, when they were on sticks
and unchanged in appearance.  The larger larva appeared
to be unhealthy on the 22nd and died on the 23rd.

May 15th. Re-fed. The colour of the small larva was
unchanged, as also on June 1st and 7th. It continued to
grow slowly without further change, and finally spun up
on July 28th.

B, Three dark, white-marked quereifolia luvva, including
the davkest but one in 11, on black twigs duving and after
lybernation.

CApril Tth. Re-fed.

Aprel 10th. Re-fed.  All 3 larvae on twigs. Two larve
had changed skin, but the appearance of all 3 remained
the same, viz. black with very conspicuous white markings.
They were unchanged and at rest on the twigs when
re-fed on the 16th, 21st and 23rd.

April 26th. Re-fed. All on twigs. The dark colour of
the larvae appeared to hiave become more distinetly grey—
dark grey in two cases, grey in the third. As before, the
dark shade was combined with white markings.

May 2id. One dark grey and white larva had changed
skin and was blackish and white.

May 11th. Re-fed. The largest larva with a rather
darker ground-colour than others was sent to Lord
Walsingham. The 2 remaining larvie on twigs; both
blackish and white. Re-fed again on the 17th, when they
were on the twigs and unchanged. The smaller larva did
not seem healthy and had not grown like the other. The
larger larva, the darkest of all in set II, was painted on
May 17th, and is represented in Plate XVIII, fig. 4.

My 22nd. Re-fed.  Two larvee on twigs. The appear-
ance unchanged, but neither looked healthy. The larger
larva died on the 25th and the smaller on June 1st.

Y. One leght querveifolia larea on lichen-covercd stieks
thronghout.
April Tth. Re-fed.  White and pale grey.
April 10th. Re-fed.  On stick.  The larva had changed
its skin, and had become white with markings of two
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shades of brown. It was re-fed on April 16th, 21st (mark-
ings of two shades of pale brown), and 231d, and was
always found on sticks with appearance unchanged.

April 261k, Re-fed. On stick.  The larva was now
white with grey and brownish markings. On May 5rd it
was re-fed, the appearance being unchanged.

Meay Tth. The larva had changed skin; the white parts
had become yellower. It was rve-fed on May 11th, 17th,
and 22nd, and was noted as at rest on stick on the 11th
and 22nd. Tt remained to the end of a yellowish-white
with markings of grey and brown.

My 25tk The larva was painted by Mr. Bayzand and
is shown in Plate XVIII, fig. 3. It was sent to Lord
Walsingham on the same date.

G. Two light quereifolic larva on Vlack twigs during aild
after hybernntion.

April Tik. Re-fed.  Both lichen-like.

April 106, Re-fed. Both at rest on twigs.  One had
changed skin, and the greyish markings had become rather
darker. Both were at rest on twigs with appearance
unchanged when they were re-fed on the 16th.

April 21st. Re-fed.  Both on twigs. One larva was
white with pale grey markings, the other ereamy-white
with markings of a brownish-grev.  Unchanged and on
twigs when re-fed on the 23rd.

April 26th. Re-fed.  Both on twigs. The white colour
of the larva first mentioned on the 21st had gained a faint
bluish tinge. The other larva unchanged.

May 5th. Re-fed, after having been brought back from
London. The creamy-white larva had changed skin and
was rather paker in tint. Both were on twigs and un-
changed when re-fed on the 11th.  The creamy-white
larva was painted by Mr. Bayzand on the 14th, and is
shown in Plate XVIII, fig. 1.

May 17th. Re-fed. Both on twigs. One larva large
and pale creamny-white with greyish-brown markings.
The other much swaller, white with bluish-grey markings,
but with tints duiler than they were formerly. It had not
crown 1uch, nor changed its skin.  Both larve were un-
changed in appearnce, and were resting on twigs when
they were re-fed on the 22nd.  The creamy larva was sent
to Lord Walsingham on May 25th.  The smaller bluish-
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grey larva was painted on May 28th, and is shown in Plate
XVIII, fig. 2. It was sent to Lord Walsingzham on

May 31st.

. The brownish quereifolia lavoa nnd the Turve with Dlwish-
white marks on lichen-covered sticks throughot,

April Tth. Re-fed. One larva dead ; the other grey
and white. The larva was re-fed on the 10th, 16th, 20th,
23rd, 26th, and on May 3rd. Its appearance remained
unchanged. On all these dates except the last 1t was
noted that the larva was at rest on the sticks. On May
5th it was dead.

I1I. THE QUERCIFOLIA LARV.E ON BROWN BRAMBLE-
STEMS BEFORE HYBERNATION.

1. Fowr wniformn querevfolic lurvaz on lichen-covered sticks
during and after hybernation.

April Tth. Re-fed.  All 4 dark brown, 2 rather darker
than the others.

April 10 Re-fed.  All 4 at rest on sticks: 2 un-
changed, and 2 had changed skin, becoming respectively
dark grey with white patches and blackish-grey with white
patches and brown marks.

April 14¢h. Re-fed.  Larvee on sticks.  The larger ones
unchanged. The 2 smaller had now changed skin, be-
coming vespectively very dark blackish-brown with whitce
marks, and dark brown mottled with pale grey.

April 16¢h.  Re-fed. Larvie on sticks. The 2 lager
darker larvee were now placed in another cylinder. The
two remaining weve respectively-—mingled shades of dark
and light grey with brown patches, and a uniform grey
with large white patches. These 2 larvae were re-fed on
April 21st and 23rd without change. They were always
at rest on the sticks.

April 26th. Re-ted.  Both larvie on sticks.  One larva
retained same appearance, grey with brown patches; the
other was of a pale brownish-grev with paler marks.

Muay 1st. The latter larva had become of a much darker
brownish-grey with brown and pale marks.  On May 3rd
they were re-fed, and both were on sticks : appearance
unchanged.

May 11¢h. Both larvae on sticks, The last described
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larva unchanged. The other had now also darkened,
becoming blackish-grey with paler marks. The larve
were re-fed on May 17th, 21st, and 25th, without further
change in appearance. It was noted that they were at rest
on the sticks on the 17th and 21st.  On May 31st both
larvee were sent to Lord Walsingham.

I The tavo lavger davker quercifolia lavva scparated from
1 on April 16th.

April 16th. One larva was now blackish-brown with
white marks, the other very dark grey with white and
brown marks.

April 21st. Re-fed.  One larva on sticks, 1 on twigs
of hawthorn.  Appearance unchanged, as also on April
23rd and 26th, when they were re-fed and both found on
sticks.

May 1st. The dark grey larva had changed skin and
become blackish-brown with pale and brown spots. On
May 3rd they were re-fed and found unchanged 1n appear-
ance on the sticks.

May 1140, The larva with pale and brown spots was
sent to Lord Walsingham. The remaining larva was at
rest on stick, and blackish with two pale marks. Tt was
re-fed on May 17th (on stick) and 25th.  On the 51st it
was sent to Lord Walsingham, There was no further
change m 1ts appearance.

J. Two uniform qucreifolia larca on Ulack twigs during
and ayter hybernation.

April Tth. Re-fed. One larva purplish-brown and black,
the other had changed skin and was black with small
white patches and minute brown points. Both were resting
on twigs and unchanged in appearance when re-fed on
the 10th.

April 16th. Re-fed. Both on twigs. The purplish-brown
and black larva appeared to be even darker, the other
unchanged. Both were on twigs and unaltered when
re-fed on 21st and 23rd.

April 2611, The black larva with small white patches
and minute brown points was dying.

April 27th.  The last-mentioned larva was dead. The
other purplish-black larva was at rest on a twig.

My 1st. The larva had changed skin, and was black with
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a pair of small white marks. It was on a twig unchanged
when re-fed on the 3rd.

JMeay 25th.  The larva was sent to Lord Walsingham.
Mr. Bayzand completed his painting of it on the 11th, and
the larva is represented on Plate N'VIII, fig. 6.

K. Three of the more spotted or lighter quercifolin larva on
browen Draible-stoms thirowghout,

April Tth. Re-fed. One larva brown, 1 brown with few
white marks. The third grey-brown one bad changed
its skin and become brown-grey with white patches.

April 10tk Re-fed.  Larvee resting on stems. The
brown larva had become brown and very dark grey with
white patches. The other two remained the same.

dpiril 16¢h. Re-fed. Larve resting on stems. The brown
farva with a few white marks had become darker, and was
now black along the median dorsal arca and very dark
brown on the sides: the white patches large. The two
other larvie remained the same.

April 20th, 237d, and 27th. The larve were re-fed on
each of these dates, and were invariably found upon the
stems.  The appearance was unchanged.

Meay 1st, One of the brownish-grey larve changed its
skin, becoming rather browner in shade.

Meay 3rd. Re-fed. Three larvee resting on stems.  Ap-
pearance unchanged.

May 1120, Re-fed. Two larvie on stems.  Appearance
unchanged.  Mr. Bayzand finished painting the brownest
larva which 1s represented on Plate XVIII, fig. 5. The
brownish-grey larva sent to Lord Walsingham for pre-
servation. Another brown one was sent on the 12th.

May 17th, 22nd, and 25th. The single remaining larva
was re-fed on each of these dates. It was noted as at rest
upon a stem except or the 25th. Its appearance was the
same on all occasions, viz. blackish with pale grey marks

and brown spots. It was sent to Lord Walsingham on
May 31st.

IV. THE QUERCIFOLIA LARV.E ON LEAVES, TWIGS, OR
SHOOTS OF THE HAWTHORN THROUGHOUT.

L

April 7th, Re-fed.  One brown larva dead. Appearance
of athers unchanged, viz. 3 brown and 2 blackish-brown,
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April 10th. Re-fed. Three larvie unchanged. Oune brown
and 1 blackish-brown larva had changed skin and become
blackish-grey with large white patches.

pril 16th. Re-fed. The two largest larvee last described
removed to another cylinder, . The three others un-
changed.  Onc of two smaller brown larve appeared
unhealthy.

April 20th. Re-fed.  One larva had changed skin and
grown much.  Of the others, neither of which had changed
skin, one was dead aud one appeared to be dying.

April 23rd. The single healthy larva was brownish-black
with white marks.

April 27th. The small larva was dead.  The appearance
of the other unchanged, as also on May 3rd and 11th, when
it was again re-fed.  On May 17th the larva had died.

Ly

The two larvae separated from L on Apnl 16th were
re-fed and examined on April 21st, 23rd, and 27th, the
appearance remaiving the same throughout, viz. dark
grey with large white patches.  On May 3rd the larger of
the two larve looked sickly ; on May 5th it was dead and
the smaller one seemed unhealthy. The latter died on
May 7th,

“ M

April Tth. Re-fed.  Five larvae alive, all greyish-brown.
One of two unhealthy-leoking larvee had died.

April 10k, Re-fed.  Four larvee nnchanged; the fifth
had changed skin and had developed larger white patches.

April 16th. The 2 largest larves were now separated
and placed in another cylinder, M. The remaining 3
were brownish-grey, 2 of them with pale patehes. The
smallest was browner than the others and appeared to be
unhealthy.

April 21st. Re-fed. Thelast-mentioned larva was dead ;
the others uuchanged in appearance although one had
changed skin during the interval.

April 23rd. Re-fed.  Unchanged.

April 27th. Re-fed  Oune larva had become darker, viz.
blackish-grey with white patches.  The larvee were re-fed
and compared on May 3rd, 11th, and 17th, without change
1 appearance.

Meay 220, Re-fed. The brownish-grey larva had died,
the darker one unchanged.
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May 25th. The last-named larva Lhad died. Neither of
these larvie had grown large.

M!

The 2 largest larvie separated from M on April 16th,
Both were greyish-brown with distinct white patches.

April 21st. Re-fed. Unchanged. The larve were also
re~-fed on the 23rd, 27th, May 3rd, 11th, 16th, and 22nd,
and examined on each occasion. The appearance remained
the same throughout. On the 25th both were sent to
Lord Walsinghamn,

SECOND GENERAL COMPARISON AFTER HYBERNATION.

April 27th, 1894. The larvee were carefully compared
and were all placed upon a background of white paper.
Nearly all of them were sluggish, probably preparatory to
the last ecdysis.

I. THE QUERCIFOLIA LARV.E WITH BLACK TWIGS BEFORE
HYBERNATION.

A, The thice chequered larea awith black twigs—These
larvee were unchanged and still remained the lightest of
the whole of series I. Hence the black twigs had pro-
duced no effect during hybernation.

B. The five davkest loree enclosed with lichen-covered sticks
during hybernation—~One was very dark, the darkest of
the whole group; 1 was dark with faint light spots; 3
were black chequered with white markings, which however
were less developed than in A.

It is possible that these last-mentioned three larve may
indicate some susceptibility to the effect of the lichen-
covered sticks after they were enclosed upon the tree and
before the commencement of hybernation.

C. The siv dark larvae with black tiwigs—Only one
larva was alive, and this was dark with very faint dull
white spots.

All the above described 9 larve were healthy and
well up to the average size.

II. THE QUERCIFOLIA LARV.E WITH LICHEN-COVERED
STICKS BEFORE HYBERNATION.
D. The four davk, white-marked larve, with lichen-covered
sticks.—Three larvae were alive and unchanged: one was
very small.

TRANS. ENT, SOC. LOND. 1903.—PART 11 (ocr.) 24




352 Professor E. B. Poulton on colowr-relation

E. The three simalar larvea, with black twiys—These also
were practically unchanged and hke D. One of these
was now the blackest larva, but the smallest in D was
almost exactly the same. It is possible that some very
slight etfect was produced by these black twigs before
hivbernation.

¥. Ounc of the thired Hghtest larva wweith lichen-covered stieks.
—The larva was quite unchanged.

G. Two of the three lightest lurva with black twiys—No
effect had been produced by the black surroundings. The
bluish-grey larva remained very distinct.

H. Zwo larva with lichen-covered stichs.—The brownish
larva had died. The other still remained the darkest
individual of the highter part of the group (F, G, H) as
it was when the arrangements for hybernation were made.

Comparing these two important groups I and 11 as a
whole, it was scen that the lightest larva of T (in A) was
almost precisely similar to the darkest of 11 (in E) :—in
fact they could not have been distinguished as regards the
size of the hght patches. On the other hand, the larva in
I was healthy and of the average size, while that in Il
was rather small. The smallest in D was not considered in
this comparison, as it had grown but little and was a stage
behind the others. Tts light patches, although very dull
and grey, were almost exactly the same size as those of the
darkest larva in D.  The remaining nine larvee in IT were
all large and healthy, and much lighter than the lightest
larva in L

I11. THE QUERCIFOLIA LARVE WITH BROWN BRAMBLE-
STEMS BEFORE HYBERNATION.

Comparing these as a whole with sets 1 and IT it was
obvious that the lightest of them was distinctly darker
than the darkest of the group just deseribed (IT) and exposed
to lichen befere hybernation. The larvee were perhaps as
dark as those in group I, exposed to Turkish oak before
hybernation, but they were not so black, and, except in two
larvee, the light markings were less white, being greyish
and clonded over, ,

1. The four uniform dark lavva with lichen-covered sticks.
—Two larvee were very dark with a dull blackish ground-
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colour. The two others were not so dark and bore brown
points and patches, which tended to fuse at their edges
with the dark greyish ground-colour.

J. The three similar lorva with black twigs—Ouly one
larva was alive, and this was rather darker than the darkest
of the set just described (I), having a dull blackish ground-
colour. One dead larva had a very black ground-colour
with brown dorsal points and distinet although small white
patches. It is probable that some slight effect was
produced by the black twigs just before hybernation
began.

K. The four lightest and most distinctly spotted larva,
with brown twigs—Three larvae were alive. The smallest
one possessed the blackest ground-colour and the whitest
patches of any in the whole series (IIT). The other two
closely resembled the two lighter larvee tn L

IV. THE QUERCIFOLIA LARV.E UPON GREEN LEAVES AND
SHOOTS OF THE HAWTHORN,

L, M. There was no distinction between the two lots.
The larvee, as before hybernation, presented a great range
of variation, but the ground-colour was upon the whole
greyish. The lightest individual was rather lighter than
the darkest of those upon lichen before hybernation (II),
while the next in order was about the same as the darkest
of II.  Four others were rather less light, while a fifth was
a distinctly dark forin. Hence the set was upon the
whole intermediate between I and 1I and distinctly
lighter than IIL.

April 28th.  The length of all those larvee which had
ceased to feed preparatory to a change of skin was about
560 mm. A few days later the cast skins were examined,
and were seen to possess the white markings as well as the
dark ground-coleur. Hence these characters are in part,
if not entirely, cuticular in position.

THirRD GENERAL COMPARISON OF THE LARV.E MADE
AFTER HYBERNATION, MAY 7TH.

I. THE QUERCIFOLIA LARVA WITH BLACK TWIGS BEFORE
HYBERNATION.

A The 3 chequered layva with black twigs—Two larvae

were dark, and 1 black chequered with white markings,

which were larger than those of any other larva in I, but
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much smaller than any in II, except the small larva in
Fand 1 in D.

B. The 5 davkest larva «ith lichen-covered sticks—Three
larvee, 1 of which was changing its last skin, were black
chequered with white markings, which were not quite so
large as those of the larva in A, Two larvee were very
dark and unspotted.

C. The single dark larea with black twigs was changing
its last skin, and was still dark.

Hence probably no effect had been produced by the
surroundings to which the larvie had been exposed since
hybernation.

II. THE QUERCIFOLIA LARVA EXPOSED TO LICHEN-
COVERED STICKS BEFORE HYBERNATION.

D. The 3 dark, whitc-marked larea with lichen-covered
sticks—Two larvee were large in the last stage. One of them
became much darker after changing its last skin, but still
remained black with hight markings. The effects of their
dark and light tints were more brownish and yellowish,
and on the whole darker than those of the 2 large larvie
in B In fact, a comparison of D and E did not support
the conclusion that the larvie were sensitive to their
environment after liybernation.

The small larva in D which had lagged behind the
others had changed its skin and was rather lighter. It
was still in an earlier stage than any of the others, but
apparently healthy.

E. The 3 similar lavea with back twigs during and
since hybernation—Two larvie were large in the last stage
and remained black-and-white. The third larva was smaller
and had been injured. It was probably unable to change
its skin in consequence.

F. One of the lightest larva with lichen-covered sticks
thronghout—This Jarva was 1u last stage, and its light
markings had become much darker in tint, being of a
yellowish-brown colour.

G. Two of the lightest larva with black twigs during and
since hybernation—"The lighter of the 2 remained about
as in the previons stage; the other, the bluish-grey larva,
had not yet changed its last skin, but was apparently
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rather darker.  These 2 larvie were upon the whole
somewhat lighter than those in F and H.

H. The larva with blwish-white spots cxposed to lichen-
covered sticks throughout—This larva was dying. It was
now lighter than the larva in I, but this difference was
entirely due to changes in the latter,

ITI. THE QUERCIFOLIA LARV.A WITH BROWN BRAMDLE-
STEMS BEFORE HYBERNATION.

1. The 4 wwiform larva with lichen-covered sticks during
and since hybernation.—Three larvie were in the last stage,
2 of them brownish with small white spots like those in K,
but with the ground-colour darker. The 3rd was con-
siderably darker. The 4th larva was changing its skin.
It possessed a deep brownish-black ground-colour, which
appeared to be overspread with grey.

J. The wniform larva with black twigs during and since
hybernation—The larva was very large in the last stage,
and very uniformly dark and unspotted, although rather
less black than those which bad been exposed to black twigs
before hybernation (I).

K. The 3 spatted or lighter lorca uwpon brown stems
throvghout.-——Two larvie in the last stage were dark
brownish with small light patches. The third, in the last
stage but one, was more black-and-white, resembling the
larva: which had been exposed to black twigs before
hybernation (I).

Compared as a whole the larvee of I were blacker than
III, although these were very dark. The latter were
distinguished by greyish-brown shades absent from the
ground-colour of I. The light patches, when present,
were distinguished in IIT by a brownish tinge, and were
more clouded and less distinct than in I

Comparing carcfully the darkest larva of I1 (viz. the
4 darkest in D) with those of I, it was seen that the pale
patches were of the same size as those of the larvie in which
they were most developed of all exposed to black twigs
(viz. the lightest larvee in A).  But although the patches
were of the same size, those of the former were yellowish-
brown and clouded, and those of the latter white. The
ground-colour of the larva in IT was, however, much lighter,
being a brownish-black, than that of the lightest larva in
1. Hence the darkest larva in IT was distinetly darker
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than the lightest in I as regards its pale patches, but
distinetly lighter as recards its ground-colonr. And this
comparison only holds for a single exceptional dark larva.
All others in 1I were far lighter than any in either I or I11.

IV. THE QUERCIFOLIA LARV.E EXPOSED THROUGHOUT TO
THE LEAVES AND SHOOTS OF THE HAWTHORN.

Only 6 larvee remained alive, and of these but 2 were in
the last stage. Four larve possessed a ground-colour very
like that of series III, but the white patches were far
larger, and tended to spread as a greyish shade down the
sides. The light patches were, however, much smaller
than in the larvee of series II.  One of the smallest larve
was dark with very small white patches. like one of the
darkest of III. A dving larva, unable to change 1ts skin,
was intermediate between this latter and the 4 first-
mentioned larvee.

The colours of these larva in series IV seem to have
been influenced by the brownish and grevish twigs and
shoots of the hawthorn.

LasT GENERAL COMPARISON OF THE QUERCIFOLIA
LARV.E AFTER HYBERNATION. MAvY 25TH

Of series I 1t was recorded that the single larvee in A
and 2 in B were black with conspicuous white markings;
while T m B, 1 in B! and 2 in C were duil black with
only a pair of small inconspicuous white markings.

Of series II nothing is recorded which is not contained
in the description of cylinders D to G.

Of the 4 larvee then remaining in IIT it was noted that
the larvee in K much resembled the black-and-white ones
m A and B: while the 3 in I and I' were dull blackish
with the pale markings very inconspicuous.

Only 2 larvee remained alive im IV. The brownish
ground-colour of both was much clouded and overspread
with grey, and the pale patches tended much to spread
downwards, becoming grey and clouded especially towards
the ventral surface.

TRANSFER EXPERINMENTS WITH THE LARV.E OF
AMPHIDASIS BETULARIA IN 189G.

A female moth, captured at Oxford, laid a small batch
of eggs, which provided the material for the following
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experiments, undertaken in order to attempt to ascertain
the susceptible stages of this highly-sensitive larva,

The experiment started on May 10th, when the young
larvae were first fed upon the leaves of Populus nigra, all
dark twigs and branches being at first rigidly excluded.
It must be remarked, however, that for a few days after
May 10th the leaves had only just expanded and were
somewhat brownish. Various sets of larvae were withdrawn
from the stock, and the transference experiments were then
conducted in the following manner. All measurements
were taken when the larvaee were stretched and straight.
A convenient summary of the results of the following
experiments will be found in the table on page 319.

A A, betularia.

May 16th. Twenty betwlaria larvee at the end of the 1st
stage, and nearly all changing the first skin, and 5:0 mm.
long, were transferred from green to black surroundings
(the twigs of the Turkish oak). Up to this date the green
leaves of 2. niyra upon which they had been placed on
May 10th were somewhat brownish, because the buds had
only just opened.

May 20th. The larvee were exammed from time to time
between the 16th and this date, and had always been found
upon the leaves and never upon the twigs. On the 20th
every single larva was found upon the leaves. They even
avoided the stem of the food-plant. Ten larva changing
the 2nd skin, and 85 mm. long, were re-transferred 1nto
green smrroundings (A'). The 10 remaming larvae had
attained various degrees of development in the 2nd stage,
3 being at the end of it, but not yet changing the 2nd
skin.  From this date to the 29th these 10 larvee were fed
upon Balsain  Poplar, but from the latter date onwards
npon L. nigra.

May 25th.  Only 1 on the twigs, the rest on the leaves.
One larva was changing the 2nd skin, and none had yet
entered the 3rd stage.

May 29tk Two larvee on the twigs, and both these
were changing the 3rd skin.  Of the rest 1 was changing
the 3rd skin and 125 mm. long, and 2 had just changed
it. These 5 were re-transferred to green surroundings
(A?). The remaining 5 were in the 3rd stage, 4 nearly at
the end of it, and 1 very small.

May 31st. Ouly 1 on twigs. Four changing 3rd skin,
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the 5th still small in the 3rd stage. The black twigs were
removed at this date, and the 5 larva by this means
re-transferred to green surroundings.

June 2nd.  Four in 4th stage, and 1 nearly at the eud
of 3rd stage. Four distinct medium brown colour; 1 very
black.

June 5th. One changing 4th skin and light reddish-
brown; 2 in+th stage, both darkish brown; 1at beginning
of 5th stage and medium brown ; the 5th small one was
only 90 mm. long.

June 14th,  One small in Gth stage, and dark brown
with distinct grey markings prominent on it; 1 changing
5th skin and light brown with ventral surface rather
greenish; 2 at end of 5th stage, 1 intermediate and 1
similar to but rather darker than the larva changing its
skin.

June 20th.  Four in 6th stage, 2 dark, overspread with
grevish, 1 green with brown dorsal line and lateral
patches, 1 dark form becoming greenish on the sides.

June 26th. One dark larva mature and removed.

July 2nd. The green larva and the one with greenish
sides mature and removed. The remaining larva was very
dark, with distinct sharply-marked pale yellowizh spots on
its sides, and one on each side of the dorzal surface of each
segment.

July 12th. The larva described above had beeu
accidentally drowned.

CONCLUSIONS.

The effect of the dark surroundings is evident. The
green environment of the three last stages was doubtless
the cause of the greyish tint, the greenish sides, and the
yellowish spots on the 3 dark larvee. In the case of the
4th larva the effects of the latter surroundings were pre-
dominant, although the larva still retained strong traces of
its earlier environment in the brown markings. Comparing
this result with that of A', the relative unimportance of
environment in stage IT becomes clear.

Al A, betularia,

May 20th. The 10 betwlaric larvie re-trausferred from
black into green at the end of the 2nd stage, changing the
2nd skin, and 83 mm. long.
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From this date to the 29th the larvee were fed upon
Balsam Poplar, and then again uwpon Populus nigre.

May 25th. Most of the larvae were changing the 3rd
skin, and all were apparently dark.

May 29th.  All had changed the 3rd skin except 2,
which were changing it. All were dark brown except
the 2 latter, which, tocether with 1 which had just changed,
were light brown. The average length was 1425 mm.

June 2nd. Four were changing the 4th skin; 5 were
at various points in the 4th stace, with an average length
of 2075 mm.; 1 was in the 5th stage. All were brown,
although not very dark.

June 5th. Four were changing the 5th skin, 350 mm.
long, and 1 at end of 5th stage. The latter was medium
brown, the others 3 light brown and 1 green with light
brown markings. The remaining 5 were much smaller,
being all in the 4th stage, 3 dark brown and 2 light brown.

June 14th.  Five were nearly mature, 2 green sprinkled
with distinct grevish dots much more numerous in the
larger larva, which was practically mature and 550 mm.
long. The ground-colour of this latter larva was bright
green, the dorsal tubercles dark grey. Of the other 3
large larve, 1 was very light grey, almost whitish with
darker dots and mottling, 2 were much darker, blackish
rather than brown, with light grey markings. The largest
of the set of smaller larva: was changing 1ts 5th skin and
areenish-brown, 1 smaller in the 5th stage was green with
dorsal brown line, 1 smaller still, chocolate brown. Two
larvee were still quite small, viz. 1225 mwm., and probably
still in the +4th stage. Both were dark brown, but they
appeared to be unhealthy.

June 15th.  The greenest, the whitish, and 1 dark larva
hiad become mature and were removed.

June 20th.  One green larva mature and removed. Two
in Gth stage, 1 dark with greyish markings not greatly
developed, 1 intermediate, brownish-green: 1 changing
5th skin, green, 2 in 5th stage and lightish brown.

June 22nd. The dark larva in 6th stage mature and
was removed. Two larvee in 6th stage, 1 on green side of
intermediate, viz, green clouded over but not entirely
obscured by brown, 1 distinct green with a brown dorsal
line and a little brown on the sides. Of the 2 smaller
larvee, 1 was in the 5th stage-and brownish-green, 1 in
the +4th and light brown.
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June 26t The brownish-green larva in the 5th
stage was dead. The 2 large ones as last described.

July 2nd. The greenish intermediate larva had become
mature and was removed. The distinct green one was
very large, being 64°6 mm. long. The green ground-colour
was somewhat dul], and the bxo“n dmsal hne broad but
not dark.  The remaining larva was in the 5th stage and
mtermediate.

July 12th. The last-mentioned larva was dead. The
other had pupated

CONCLUSION.

The effect of a dark environment during the 2nd stage
alone, although slight, is very remarkable. The grey
whicli over \preftd the green forms may be compared to the
grey patches on the dark form in this and so many of the
other experiments.

A2 A, betularia,

May 29th. The 5 betwlaria larva re-transferred to green
surroundings after they had been in black during the 2nd
and 3rd stages.

May 31st.  All 5larve were advancing in the 4th stage,
and all dark or distinct brown.

June 2nd.  Two larvie were changing the 4th skin and

2:0 mm. long; the 3 others advancmﬂ in the 4th stage.
Appealance uncnanned

June 5th,  One 1"1!\‘1 changing 5th skin and medium
brown : 2 half-grown in 5th bt'me and 1 nearly at end of
it; 2 dark 1)10“11 1 of the laroel pair light brown. The
5th larva in 4th stage and (]fuk brown.

June 14th. Fom approaching the end of the 6th stage;

2 very black and 2 similar, except that the ground- ~colour
was overspread with light grey, In one case shghtly, in the
other thoroughly. The ]attel was nevertheless a darkish
larva. The oth larva was changing the 5th skin, and
green with a brown median dorsal line.

June 15th. One dark larva had become mature and
was removed. i

June 20th.  One dark larva mature and removed. The
remaining 3 larvee were all in the 6th stage. The grey
colour ot one of the dark larve was still very distinct.
The brown dorsal line was pronounced upon the green
larva.
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June 26th. The 2 dark larvee mature and removed.
The 5th larva had now became a typical and distinct
bright green form, the brown dorsal line having almost
disappeared,

July 2nd.  The green larva mature and removed.

CONCLUSIONS.

This is a deeply interesting little set, showing the effect
of the dark surroundings persisting unaltered in the 2
larvae which were first to pupate, the green environment
producing some effect in the greyness overspreading the
next 2, and predominating altogether in the last.

B. A. betularia.

May 20th. The 51 betwlaria larvee remaining in the stock,
with green leaves and shoots of Populus nigra, were care-
fully examined. Two larve had just entered the 3rd stage,
having changed the 2nd skin, 5 were small in the 2nd
stage, while all the rest were changing the 2nd skin, and
thus at the end of the 2nd stage. Twenty of these latter
were transferred to a cylinder (B!} with an abundance of
black twigs of the Turkish oak, while the remainder were
put back into the green environment. From this date to
the 25th all the larva: were fed on Balsam Poplar.

May 25th. Thirty larvee counted at this date. Of these,
15 changing the 3rd skin were transferred to a cylinder
(B%) with black twigs. The remaining larve were smaller,
but even in the 3rd stage a small proportion of green in-
dividuals had begun to appear among the brown. All
the larva were fed on Populus nigra from this date
(May 25th) onwards.

May 29th. The 15 larvae remaining in the green environ-
ments were mostly at the end of the 3rd stage and many
were changing the 3vd skin. They were mostly light
brown but some were green.

June 2nd.  Six larve had reached the end of the 4th
stage, although they were not changing their skins. Of
these 5 were green with slight traces of brown, while the
6th, although green, retained a larger amount of the darker
shade. Six larvie were smaller, having reached various
points in the 4th stage. Of these 2 were green with
slight traces of brown, while four were brownish-green or
licht greenish-brown, Three larvie were still in the 3rd
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stage, and of these the smallest was dark brown while the
other 2 were light greenish-brown.

June 3rd. The five largest larvee were changing the 4th
skin, and were placed in a cylinder (B?) with black sticks.
Their colour was as deseribed on June 2nd, and their
length 20'5 mm, The colours of the remaining 10 larve
had not altered.

June 5th. Only 9 larvae were found.  Two larvae were in
the 5th stage and bright green. Five were more or less
advanced in the 4th at’i“fe and were distinctly green with
a variable degree of dev elopment of brown patche\ Two
were much smaller in the 4th stage and light greenish-
brown in colour.

June 20th. Three larvee were large in the Gth stage, and
all very bright green with only a trace or no trace at all
of a brownish tint along the median dorsal line. The other
G larve were not noted on this date.

June 26Gth. Only 8 larvee were found. Two of the
Jargest green larvae had become mature, and were removed
for pupation. The remaining 6 were of various sizes, but
all were bright green except one.

July 2ad. One green larva was mature and was re-
moved. Three were in the Gth stage,2 bright green, one of
them with a little brown on the sides and a brown dorsal
line ; the 3rd was intermediate, with a brown dorsal line,
and green and brown patches alternating on the lateral
surfaces. One was changing the last skin and one in the
3th stage, both bright green.

JZIZJ 12¢7. One green larva mature and removed.
The 2 small ones were dead. Of the two remaining larvie
in the Gth stage 1 was bright green and 1 intermediate.

CONCLTUSIONS,

The only point which calls for remark 1s the occurrence
of a single intermediate larva. This was a probable
result of the large numbers of the young larve in a single
cylinder: so that some effect in a specially susceptible
individual followed from the presence of other young
brownish caterpillars.

B A. Letularin,

May 20th. The 20 betularia larvee changing the 2nd skin
transferred from green leaves and shoots to an environment
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of black twigs. The larvie were of a very uniform length
of 85 mm.

May 25th,  Six were found on the black twigs, the rest
on the leaves. Ten larvee, all about 140 mm. long, at the
end of the 3rd stage, and mostly changing the 3rd skin,
were transferred to green surroundings (C). The remain-
ing larvee were fed on Balsam Poplar from May 20th until
the 29th.  Green forms had begun to appear among the
brown.

Muy 29¢h. Only 1 on black twigs. Seven larve were at
the beginning of the 4th stage, 6 dark and 1 greenish.
Two were changing the 3rd skin and 1 nearly mature in
the 3rd stage.

June 2nd. Four larve on the twigs. Two were chang-
ing 4th skin, and 8 at various degrees of development in
the 4th stage. All brown and the largest larvee very dark
brown.

June 3rd. Only 1 on the twigs, Two had now changed
4th skin on the 2nd, and were transferred to grecn sur-
roundings (C%): 1 was very black, the other a medium
brown.

June 4th. Three on twigs. All larva in 4th stage, all
brown of various shades: those on the twigs veryv black.

June 5th. Ounly 1 on twigs and that a light brown one.
One light brown larva changing 4th skin and transferred to
areen surroundings 'C?). Five in the 4th stage, including
1 dark brown larva which had just died, 1 in 3rd stage.
All brown (more or less dark).

June Tth. Two on twigs, dark and medium brown. The
latter was changing its 4th skin and was transferred to
green (C1!), together with another dark brown larva
which had just entered the 53th stage. The remainder
were as last described, and all were advancing in the 4th
stage.

June 14th. Two were on the twigs; both in the 5th
stage, one dark grevish-brown and the other dark chocolate-
brown. Two were on the leaves, bothin the 5th stage and
grevish-brown, lighter than the former two.

June 20th. Two large in the 6th stage and very dark.

June 26f%. Four in the Gth stage and all very dark
indeed.

July 2ad. Two ot the dark larva had become mature
and were removed. The remaining larvie were very black
and nearly mature.
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July 12th. The 2 last larvae had forced their way through
the hole in the plate and were drowned. Their appearance
had not changed, and it is probable that they had becomne
mature and began to wander.

COXNCLUSIONS.

In the final result we probably see the full and char-
acteristic effect of the black twigs unmodified by the green
euvironment in which the two youngest stages were
passed.

B2 L betwlaria,

May 25th. Fifteen betuloria larvee transferred from green
to black; all changing the 3rd skin and 140 mm. long.
Some were becoming greenish, but most were brown.

My 29¢h. All exammed : the colour varied very greatly,
but none were altogether green although there was much
green ground-colour on some. All were in the +th stage;
1 only on the black twigs and that happened to be a
particularly ¢reen one. Many light brown and many dark
brown.

June 2nd. Five on twigs, 3 in the 5th stage, 1 chang-
g 4th skin, and 1 ncarly at end of 4th stage. The
latter and 1 in the 5th stage dark greenish-brown, the
remaining 3 very dark brown. On the leaves and green
stems there were in the 5th stage, 1 green, 3 light brownish-
green, and 2 light brown (1 slightly greenish); in the 4th
stage, 2 brownish-green and 2 mediun brown.

June 5th. On the black twigs there were 8 larvee, 7 in
the 5th stage (3 of them changing the 5th skin), 5 dark
brown, 1 bright green (changing skin), and 1 brownish-
green (half-grown in stage); 1 in 4th stage and brownish-
green. On the light brown stem of P. nigra was a single
larva which barmonized with it very exactly. On the
leaves were 5 larvee, 2 small in the 5th stage and light
brown, 3 in the 4th, 1 dark (changing the 4th skin), 1
brownish-green, and 1 greenish-brown.

June 14th. BSix larve in the Gth stage were on the
twigs and very deep black, some of them with a small
amount of greyish markings. One similar larva on
green: 1 larva in the 6th stage on green was of a
uniformn dull light grey tint: of 2 larvae in the 5th stage,
1 was changing the 5th skin and light brown overspread
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with grey, 1 smaller and darker with less grey. Two
smaller larvie, probably in the 4th stage, or perhaps at
the beginning of the 5th, were respectively lightish and
darkish-brown.

June 15th. One of the darkest larvae had become mature
and was removed.

Juwe 18th. One of the darkest larvie become mature and
was removed.

June 20th. Two very dark larvee mature and removed.
Oune very small one dead. Of the 6 in the last stage, 4
were very black, in 3 cases overspread with dull greyish
patches; 1 was greyish on the dorsal surface, lighter
grey elsewhere; the 6th and smallest somewhat resembled
that last described.

June 26th. All had become mature except that last-
mentioned, which had become a dark brownish-black.

July 2nd. No further change.

July 12th. The larva had become mature and was
removed.

CONCLUSIONS.

The power of the black surroundings is evident, the in-
flnence of the green being only seen in the occasional grey-
ness on the black larve,and especially in the one larva which
was entirely grey. The brownish shade of the larva which
was the last to reach maturity is unusual on the twigs of
Turkish oak. These probable effects of the green on the
larvee which had been longest exposed to the intluence of
black (being the last to pupate), are contrary to the results
observed in the other experiments.

B3, A, betwlaria.

June 3rd. Five betulurie larvie in green surroundings
up to the end of the 4th stage were transferred to
black. They were changing the 4th skin and 205 mm.
long.

June 5th. One larva, a green one, was on a black twig,
the others on the leaves, Four were brownish-green and
1 medium brown. All were advancing in the 5th stage
and about the same size.

June 20th. Three large in the 6th stage, 1 dark smoky-
black ; 1 greyish smoky-black, and 1 intermediate, greenish-
brown. One small one dead, 1 missing.
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June 26th. One had pupated, and 1 was mature and
removed. The 3rd larva was greyish smoky-black.

July 2nd. The last larva had become mature and was
removed.

CONCLUSIONS.

The great power of a black environment is well shown,
in the production of 2 dark larvic and 1 intermediate.
At the same time the dark larvie were not quite the
characteristic forms produced by black-barked twigs.

. A. betwluria.

My 25th. Ten of the 20 betwlaria larvie transferred from
orcen to black for the 3rd stage, and re-transferred to
grcen at the end of it when they were changing the 3rd
skin and 140 mm. long.

May 29th. All in 4th stage and all dark.

June 2nd. Fourin 5th stage, 5 changing 4th skin, 1 not
quite mature in 4th stage.  All dark brown.

June 5th. Four changing 5th skin and 330 mm. long ;
2 nearly mature in 5th stage; all lightish brown over-
spread with a greyish cloud. Three simall in the 5th stage,
2 of them as above and 1 dark brown. One in 4th stage
and very black.

June 14th. Six nearly mature in the Gth stage and all
very dark smoky-black with a pair of distinet grey patches
on the dorsal swface of cach segment.  Three in the 5th
stage, 2 as above and 1 lighter and really intermediate.

June 15th. Three dark larvee had become mature and
were removed.

June 18th. One dark larva mature and removed.

June 20th. Two larvee large in the Gth stage, very dark
smoky-black with the paired segmental light grey patches

distinct.

June 26¢h. The 2 larvae above deseribed had become
mature and were removed.  Of the 3 remaining larvie, 2
were large in the Gth stage, one bright green with brown
dorsal line and a small brown patch on antertor part of
each side of the segments, the other smaller and darker
with more brown upon it, but still with o bright green
ground-colonr.  The third larva in the 5th stage and
chocolate-brown.

July 2nd. All 3 in Gth stage, but the smallest was now
intermediate. In view of the considerable development of
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brown markings the other 2 can only be considered as
rather on the green side of intermediate.

July 12¢h. The smallest larva was still feeding and still
intermediate. The other two had become mature and
were removed.  There was no further change.

CONCLUSIONS.

These results are deeply interesting. The 6 larvae
which first became mature were certainly influenced by the
green environment of the three last stages, inasmuch as
the final appearance was a dark smoky-black with a pair
of distinet grey patches on each segment, instead of the
well-known intense dead black which is the characteristic
eftect of the black-barked twigs of Turkish ocak. At the
same tie, the remarkable susceptibility to this stimulus is
seen in the pronounced darkness of these 6 larvee after only
a single stage (of 5 days’ duration) had been passed among
black twigs. It is interesting to note that the 3 inter-
mediate larvie grew more slowly after May 25th, and
thus passed a relatively longer time in the green
environment.

Cl. A. betularia.

June 3rd. Two letuleria larva: at the beginning of the
5th stage re-transferred to green surroundings after they
had been in black for the Srd and 4th stages.

June 5th. A third larva, changing its 4th skin, was
similarly re-transferred. It was of a light brown colour.
Of the 2 former, 1 was nearly at the end of the 5th stage
and dark brown, the other rather smaller and darkish
brown overspread with grey.

June Tth. A fourth larva changing its 4th skin and a
fitth at the beginning of the 5th stage were similarly
re-transferred.

June 14th. Three larve in 6th stage, smoky-black with
prominent light grey markings especially distinet in one
of them. One in 5th stage and 1 changing 5th skin, both
dark chocolate-brown with a little grey.

June 20th. Four larg> in the 6th stage, smoky-black
overspread with grey. The black ground-colour resembles
that of the larvee still in black snrroundings.

June 23rd. Two had become mature and were removed.

June 26th. Two mature and removed. The 5th was
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now large in the Gth stage, a dark brownish-black rather
than the dead black of the other 4 and those still on the
black twigs. .

July 12th. Mature and removed. No further change in
appearance.

CONCLUSIONS.

In this case the grey which overspread the black
ground-colour of 4 larvee must be regarded as an effect of
the green environment during the 2 last stages. The 5th
larva took longer to develop, and there was a slight
departure from the characteristic dead black of the other
four.
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ExprraxaTtioNy oF PrLaTe XVI.

Results of Experiments in 1893 upon the colour-relation between
the larvee of Odontopeira bidentata and their environment.
All the fizures are of the natural size.

Fic. 1.

Nearly mature larva of O. bidenfate showing the effect of
an environment of black-barked twigs (Quercus cerris).
This typical example of the results of Experiment I was
painted by Mr. P.J. Bayzand onJuly 31st. 1293, All the
larvee fizured on this plate were fed npon the leaves of
Populus nigra, but they nearly always rested by day on
the twigs or pieces of bark made use of in the experi-
ments here illustrated. The larva represented in this
fizure is not in its normal diurnal resting position, having
been disturbed ; and the same iz miore or less the case
with Figs. 3, 5, 7 and 9.

Nearly mature larva showing the effect of an environment
of weathered pale grey barkless twigs. This typical
example of the final results of Experiment VII was
painted on July 28th. A little earlier the larve had
been rather paler and resembled more closely the majority
of the twigs made use of.

Nearly mature larva showing the effect of an environment
of dark purplish-brown, glossy twigs, probally of birch.
This typical result of Experiment III was painted on
July 30th.

Nearly mature larva showing the effect of an environment
of white-spotted, purplish-brown twigs of birch. This
typical result of Experiment IV was painted on July
30th. Although the details of the environment were
not reproduced, the larva was distinctly less dark than
that shown in Fig. 3.

Nearly marture larva showing the effect of an environmens
of green leaves and shoots. The food-plant (Popnlus
nigra) was employved for this purpose, all dark-barked
twigs being carefully excluded. A comparizon of this
figure with the others on the same plate indicates that
the leaves of the food-plant produce no effect when they
are combined with dark twigs or lichen-covered bark :
while a reference to Experiments I to XV shows thas
the great majority of the larve rest by day upon these
latter objects in preference to the leaves. This typical
result of Experiment VIIT was painted on July 31st.
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Fri. 6. About half-grown larva showing the effect of an environ-
ment of bark covered with bluish-green lichen, probably
Phuscia prdverulenta. This typical result of Experiment
XTIT was painted on Angust 1st.

About half-grown larva showiny the effect of the environ-
ment last described. This second typical example of the
results of Experiment XIIT was painted on August 3rd.

Nearly mature larva =howing the effect of an environment
of bark covered with orange lichen, perhaps Plysciu
purietina, probably eombined with P. pulvervlenta. This
typical result of Experiment XIV was painted on
August 4th.

9. Nearly mature larva showing the effect of the environment
last described. This second typical example of the
resultz of Experiment NIV was painted on Angust 5th.

10. Nearly mature larva showing the effect of an environment
of lichen-covered sticks. The lichen was probably
Ramalina forinacen,  This typical result of Experiment
XV was painted on Angust 10th.

11. Nearly mature larva showing the effect of the environment
deseribed in Fig. 6. This third typical example of the
results of Experiment XTTI was painted on August 31st.

Comparing the Jast six figures of larvee together with the repre-
sentation of the various forms of lichen-covered bark employved in
the experiments, it is seen that there was no special resemblance to
the characteristic features which distinguished one form of environ-
ment from the others. Thus the orange colour of the lichen did not
produce any corresponding etfect upon the larvee shown in Figs. 8
and 9.

The whole results prove that hidentats iz a larva with remarkable
susceptibility to the colour of its environment. In this respect it
is equal to the most sensitive of all larvee hitherto tested—Awpli-
dusis betulairia.  The latter is more susceptible to green leaves and
shoots, becoming bright green when restricted to their influence.
When exposed to lichen-covered bark, however, bidentata was <hown,
in Experiments XII to XV, to be far more sensitive.

[02]

ExpraxaTiON OF PrATE XVIL

Results of Experiments in 1893-4 upon the colour-relation between
the larvee of Gastropacha quercifolio and their environment.

All the figures are of the natural ~ize, and all represent the
normal resting position, exeept that the larvie more frequently rest
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with the head downwards than is shown in the plate. Perhaps the
young larvze under normal conditions invariably rest in this position.
Figs. 1—13 represent the larvee in the autumn of 1893, just hefore
the beginning of hybernation.
Figs. 14 and 15 represent the larvee, nearly mature in the last
stage, in May 1894

Frc. 1. Larva of Gastropacha quercifolic just before hybernation,
showing the effect of an environment of black-barked
twigs (Qiercns cerris).  This typical example of the nine
black larvee, chequered with white, described on Septem-
ber 21st, 1893, was painted by Mr. Bayzand on September
25th.  Although these larvee had eaten very little, and
had not grown appreciably by October 3rd, the white
marks on six ont of nine of them had become reduced
almost to the condition represented in Fig. 3. The white
patches on the larva shown in Fig, 1 had also become
much duller and less conspicuons. The persistence of
the process of colour-adjustment right up to the begin-
ning of hybernation is very interesting, and contrasts
remarkably with its entire cessation during and after
hybernation. The difficulty with which the contour of
the larvée could be made out against the Dblack bark is
correctly rendered in Figs. 1—3.

2, Larva at the same period and exposed to the same environ-
ment as that shown in Fig. 1. The figure represents the
darkest larva, withont any trace of white markings,
described on September 21st.  The painting was made
on September 23rd.

3. Larva at the same period and exposed to the same en-
vironment as that shown in Fig. 1. This typical ex-
ample of five out of the six darkest larvee, described on
September 21st, was painted on September 26th.

4, Larva just before hybernation, showing the effect of an
environment of lichen-covered sticks. The lichen was
probably Reanalina furinaced.  The figure represents
one of the four lightest coloured larve produced
in this environment and separated for painting on
September 21st.  The larva was painted on October 3rd.
By October 16th, when the larve of series II were
arranged for hvbernation, many changes had taken place,
but this larva remained among the lightest throughout.

5. Larva at the same period and exposed to the same environ-
ment as that shown in Fig. 4. The figure represents
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one of the four lightest larviee on October 6th when it
was painted. It was not among the four lightest larva
on September 21st, but changes took place after this date.

Fre. 6 Larva at the same period and exposed to the same en-
vironment as that shown in Fig. 4, The figure represents
one of the four lightest larvee separated for painting on
September 21st, and the only one which remained of a
greyish tint, the others becoming brownish. It was
painted on October 2nd.

7. Larva at the same period and exposed to the same en-
vironment as that shown in Fig. 4. The figure repre-
sents one of the commonest types of appearance on
September 21st, viz. the gronp of six dark white-marked
larvie.  The drawing was made on October 10th.

8. Larva at the same period and exposed to the same
environment as that shown in Fig. 4. Among the
eight darkest larvar of this series IT on September 21st,
was one in which the white markings possessed a bluish
tinge. This was set aside for painting. Dut changes
took place later on, and one of the other sevenlarva was
found more nearly to represent the previous appearance
of the separated larva. The former, which had become
greyish, was therefore painted on October 9th.

9. Larva at the same period and exposed to the samne en-
vironment as that shown in Fig. 4. The description of
Fig. 4 applies in every respect except that the larva here
represented was painted on October Tth.

10. Larva just before hybernation, showing the effect of an
environment of reddish-brown stems of bramble. The
larva represented was ome of the two mentioned on
October 16th, in which the light patches weve well
developed and of a brownish tint. It was painted on
October 13th.

11. Larva at the same period and exposed to the same en-
vironment as that shown in Fig. 10. The larva repre-
sented was the lightest of the seven very uniform dark
brown larvae with lighter brown patches and small white
marks mentioned on October 16th. These light patches,
which are not very distinet in this figure and in Fig. 13,
were generally present on the 2nd, 5th, and Sth abdominal
segments. The larva was painted on September 30th.

12. Larva at the same period and exposed to the same en-
vironment as that shown in Fig.10. The larva repre-
sented was the brown individual with the dorsal surface
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overspread with grey mentioned on October 16th. The
greyish appearance does not come ont in the fignre, the
effect being merely to render the brown of a paler tint.
The larva was painted on October 17th.

Frc.13. Larva at the same period and exposed to the same envi-
ronments as that shown in Fig. 10. The description of
Fig. 11 applies in every respect, except that the larva
here represented was a specially dark example, and was
painted on October 16th.

14. Larva, nearly mature in the last stage, showing the effect
of an environment of black-barked twigs up to the
beginning of hybernation. During and after hybernation
the larva was placed (I, B) in an environment of lichen-
covered sticks, but, as the fignrve indicates, it had ceased
to he susceptible to such influences, and no effect was
produced. Before hybernation it had heen one of the
five darkest larvie. The painting was made on May 19th.

15. TLarva at the same period and exposed to the same environ-
ments (I, B) both before and after hybernation as that
shown in Fig. 14, Although conspicuous white patches
appeared on this and other larva subsequent to hyber-
nation, it is improbable that this effect was due to the
lichen which formed the surroundings after the begin-
ning of hybernation. The comparison of the whole
of the larvae indicates that they had then ceased to be
susceptible to the ecolonrs of the environment. The
larva was painted on May 22nd.

ExpLaNaTION OF Prare XVIIIL

Results of Experiments in 1893-4 upon the colonr-relation between
the larvee of Clustropache gnereifolic and their environment.

All the figures are of the natural size, and all represent the
natural resting position.

All the fignres represent the larvie in the last stage, and all but
one nearly mature, in May 1894.

Fre. 1. Larva of Gastropache quercifolice, nearly mature in the last
stage, showing the eflect of an environment of lichen-
covered sticks np to the beginning of hybernation.
The lichen employed was probably Ramnclina farinacec.
During and after hybernation the larva was placed in an
environment of black-barked twigs (II. G) which, it is
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obvious. produced no effect whatever. The appearance
of this same larva juss before hybernation is represented
in Plate XV1I, fiz. 4 or 9. The painting of the nearly
mature larva was made on May 14th.

Larva. small but probably in the last staze, exposed to the

same environments II. G) both before and after hyber-
nation. as that represemnted in fic. 1. Here too it is
clear that the black-barked twigs whieh surrounded the
larva dorins winter and spring produced absolutely no
effect.  The appearance of the same larva just before
hybernation is represented on Plate XVII. Fig. 6. The
painting of the more mature larva was made on
May 2sth.

Larva. nearly mature in the last -tagze, showing the effect
of Hehen-covered sticks throughont II, F,. Tke lichen
was probably Ramwliwa jurinacew. The appearance of
this same larva just before hybernation is represented in
Plate XVTII, fiz. + or 9. The painting of the nearly
mature larva wa- maie on Mav 25th.

4. Larva at the same period and expored to the -ame

environments both before and after hybernation as that
represented in Fiz. 1. The larva here represented ‘from
II.E wa- the darkest of all the mature larve which
had Teen exposed 1o an environment of lichen before
hybernation (series I1). There is no reason to sup-
pose that the Dlack twigzs produced any effect in winter
and spring. The larva was one of the seven darkest
in serfes IT before hixbernation. The painting wa- made
on May 17th

Larva. nearly mature in the last stave, showing the effect
of reddi-h-Lrown stems of bramble throughout (II1. K).
The specimen represented wa: cne of the four more
spotied or lichuest Jarvae before hybernation, and the
=amz relationship towards the other divisions of this
serles  III, was maintained during and after hyberna-
ton.  The painting was tinished on May 11th.

6. Larva. nearly mature in the last stage, showing the effect

reddish-brown siems of bramble before hybernation.
Durinz and after hybernation the larva was placed in an
environment of black-barked twizs III, J). It had
been one of the uniform brown larve before the winter,
and there is no reason for the belief that the black twigs
introduced later produced any effect. The painting was
finished on May 11th.
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